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1.0 SCOPE

1.1  Purpose

Theguidelines and criteria contaired in this documentare intended for useby the goject team,
the GSFC SystemReview Managersthe Chair of the Goddard System Review T€@8RT)
and the Clair of theNASA appoirted StandingReview Board (SRB) in sypport of planningand
implementing thereviews canducted uner theauthority of ead organization. Such reviews
range from sulsystemand functional reviews to the msgon-level reviews, many of which srve
as Key Dedsion Point (KDP) gateways. The criteria defined in this dacument havebeen
developed toencompasghose spdfied by NPR7123.1.

As asuppkment tothis daument, theGSFC STD-1001- Appendix, fiLifecycle Review Success
Criteria Key Evaluation Fadorso, providessample evaluationfadors irtended to be ued in
assessingheprojed @chievementstoward meeting the siccesscriteria in the development of
assocatedsystem. Thesample listsare organized by review type(i.e., SRR, PDR, CDR, PER,
etc.) and are acomplation ofevaluationfadorsaaquired fromlessan's leamed and NASA best
pradices. Key evaluationfactors may be tailored to suitthe needs of theindividual project. They
aretypically provided as reference materia to the poject in support ofeview preparation and to
the independent review panels to support theonduct of thereview (agendadefinition, line of
guestioning, etc.). TheKey EvaluationFadorsare not sgcess citeria for the assocated review.

1.2 Applicability

This docunent desribes the missiorand lower level elementreviews (e.g., spaecraft,
instrument, groundsystem, opeations,etc.) conducted duing the development and oprations
lifecycle for Goddard Space Flight Center (GS-C) managed projeds, and ncorporates the
requirements or:

(@ Agency-level mission reviews as pescribed by National Aeronautics and Space
Administration (NASA) Procedural Requirement(NPR) 7120.5, iNASA Space Flight
Program and Pra@d Management Requirementso and NPR7123.1 AiNASA Systems
Engineering Processes and Requiement®,

(b) Centerunique mission, fght, andflight supporsystemreviews asprescribed by GS-C
Procedural Requirement(GPR) 8700.4, filntegrated Independent Reviewso, theresults of
which are flowed up tothe Agency level reviews thatare conducted in syport ofthe
Agency level misgon reviews at dower level.

TheProjed/Product Manager shoulduse thisguide when preparing the SystemsReview Plan
(SRP) for conducting a comprehensive €t of mission, s@ceeraft, instrument andgroundsystem
reviews asrequired by Agency and GSFC review process docments. In collaboration withthe
SystemsReview Manager (SRM) and SRB Chair should use¢his daument to assss complance
with unigueAgency requirementsand to pepare theTerms ofReference (ToR) thet documents
thecharter of the SRB.



20 MISSON AND ELEMENT-LEVEL REVIEWS

The Safety and Mission Assurance Directora@®de 300 is responsble for the imgementtion
of the GSFC independent review requirementsas approved by the Ceer Management Couil
(CMC) for dl flight prgeds, includingmisson and element reviews. Ths document should be
usedby the Projed Manager, and the Clairs of the GSRTand SRB, to deerminetheprojed 6 s
readiness to poceal with areview and to finalize the sgedfic objectives, agenda, and success
criteria prior to eat review. It provides specific information for thereviews identified in GPR
8700.4 including escriptions ofreview objectives, typical timing, and siccesscriteria.

Themissonlevel reviews described in this daument includethosecondicted to meet the
uniquerequirements of the @nterin additon tothereviews required by the Agency to be
condwtedby the SRB at speific progress pantsalongthe development lifecycle for NASA
misgons. Tlese eviews are suppored by elenent reviews thatare conducted by a GSFC-
convened GSRTand include spacecraft, instrument, operational andgroundsystems Furthering
the continuity of the CenterGs review process,the misson and element reviews are supporéed by
project implemened Engineering Pea Reviews (EPRs)with aprincipal focus on disipline or
sulsystem elated ednicd consideations. Tlesereviews are addressed ina projed Engineering
Pee Review Plan (EPRP) as required by GPR8700.6, fiEngineeing Peer Reviewso.

It is recognized that thefull set of misson and element-level reviews described rerein will not be
apprapriate for every project. Therefore, not all projects will conform to thecompete lifecycle
review process dacribed in NPR 7120.5and GPR 8700.4 and may requireawaiver and/or
tailoring of therequirementsand criteriato match the sgdfic needs of theproject. To
acommodate this, progct-uniquereview requirements ray be negotiated with theresponsble
review team chair andSystem Review Managéu tailor thereview requiremerts andsuaess
criteria as apprapriate. The details of theagreed upon tailoringare documented in the 8P and/or
theToR and sHI be supposd by awaiver to the requirements of GPR8700.4 oNPR 7120.5as
may be required.

It is alsoreaognized thatthefinal compement ofreviews, individual review content,review
titles, andthe timing for the condct of theindividual reviews may vary with ead projed.
However, unless dherwiseagreed uponand documentd inthe SRP, thecompete st of swccess
criteria provided herein relative to the product bang developed(end-to-end misson, flight or
groundelement, et.) shall beaddressedwithin the total et of reviews being proposed by the
project. Thedistribution of criteria anongst the speific reviews may vary fromwhat is speified
in this daument to best ed the neals of the specific project.

2.1 Results of Review

Some pojects may notfully satisy al of thecriteria at thetime ofthe miestone/gteway

review. In making ajudgmentas to wretherthereviewhas accomgished its obpdives andhas
been swcecessfuly competed,eat memberof the review team will asessthe degreeto which
theabovesuccesscriteria have been met lased onthe key evaluation factors. Each memier
shouldalso take into account @) thecriticality of theareas where there are shortalls, (b)how
Straightforwardhe @th forward isand the likelihood ofsuaess,as well as (c) any other relevant
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factors. Individual findings from ead review team member are conveyed to the convening
authority in the @nel  disal report, includng RFA's. An RFA is aformal writtenrequest
sponsoed by thereview panel asking for additional information oradion by the pojed team.
They are generally devel oped as aresult of insuficient sfety, technical, or programmatic
information beingavailable atthetime ofthereview.

2.2 General Criteria

Thesections tlat follow provide thecriteria to be usedby the indegndent review panel memtlers
duringtheir assessmentf aflight orflight supportsystem. Thecriteria have been divided into
five caegories: Review Process, Tedhnicd Management, System esign and Demonstetion,
Safety and Misson Assuiance (SMA), and Projed Management.In sction 3.0, a tablés
providedwithin the description of eat review defining the sucess citeria within eadh of these
caegories. The criteriaevolve as the poject progresses throgh its lifecycle to reflect expeded
changes inthe naturity of the system. Thefollowing provides agenera description of the
criteria assocated witheach category.

Review Process:. (a) theidentifi cation and reporting of pee reviews condicted sincehe st
element/systemreview, (b) the status ol critical issues (e.g. critical Requestsfor Action)
suifaced at prior reviews, and (€) Request for Action (RFA) dispostion from all preceding
reviews andassocatedrisk sgtus.

Tedhnical Management (a) trade-studes andalternative soluions, (b)system dfectiveness,life
cycle resources, risk,and custamer requirements,(c) requirements traeaility, (d) schedulesfor
development and @livery are mutually supportive (€) integration oftechnical disciplines,(f)
validity, consistey, desirability, and attainability of functional andperformarce requirements,
and (g) traceability of design requirementsto thefunctional and performance requirementsand
vice-versa, (h) identification andcontrol of critical interfaces, and(i) trending plans/aal yses.

System Besign and Demonstition: (a) baselinedesigns and documenttion, (b)system level
performance spedfi cations, €) fabrication of engineeing demonstation models, (d) proesses
assocatedwith system/poduct integation includingend-item traceability and product quality,
(e) verification of requirementsgrounded by sound engineeing analysisand test padices, and
(f) production and mandiaduring.

Safety and Misson Assuiance: (a) quality engineering, (b) quality assuance, (c) safety assuance
processesassocatedwith flight, ground, and goerational systemgsulsystans, andd) reliability
engineeaing (including EEE parts program).

Projed Management: () cost estmaies, (b)control processesand (c) schedules that indiae the
misgon will berealy to launch on timeand within budget. Examples of control processeseing
evauated includea Project Plan, Systems Egineering ManagementPlan, Configuration
ManagementPlan, and a Risk ManagementPlan, etc.

Table 2-1 identifies thetypical mission andelement-level reviews recognized by the GSFC, in
adherence to the Genter's requirementsand congstent with thosspecified by NPR7120.5.



Table 2-1 Chairing Organizations of Key Mission and Element-L evel Reviews

Misdgon Element
RenewTie Obsarvatory” | S/C (;:Sn ‘ Instr 1 Pla:lyslt?ags Instr n

Mission Concept Review (MCR) SRB ? - - - - .
Systems Requirements Review | SRB® GSRT| GSRT| Project® |Project® | Project?
System Definition Review (SRR/SDR)

Preliminary Design Review (PDR) SRB GSRT| GSRT| GSRT GSRT GSRT
Critical Design Review (CDR) SRB GSRT| GSRT| GSRT GSRT GSRT
Mission Operations Review (MOR) GSRT - - - - -
System Integration Review (SIR) SRB - - - - -
Eggﬂ‘ggg?”;;'ggg‘” (PER), or Test GSRT GSRT| GSRT| GSRT| GSRT| GSRT
Flight Operations Review (FOR) GSRT - - - - -
Pre-Shipment Review (PSR) GSRT GSRT| - GSRT| GSRT| GSRT
Operational Readness Review (ORR) SRB - - - - -
MissionRealiness Review ° CMC - - - - _
Flight Readness Review (FRR) ° KSC - - - ] )
Launch Read ness Review (LRR) ° KSC - - - - i
Post-L aunch Assessment Review (PLAR) Project® - - - - -
Critical Event Readness Review (CERR) ' Project - - - - -
Decommissioning Review (DR) Project® - - - - -

o g B~ W N P

requirements/criterianot includedin this document.

" Supportedby GSRT as needed

Observatory is assessedat the Mission-level review which encompasses both the ground and fli ght segments.
Conductedby the GSRTin instances where an SRB hasnot yet beenestdlishedor an SRB is not required.
Chairing organization is negatiable with the project and can be GSRT.
Conductedconcurrently with the ORR by the SRB asthe operational status warrants.
Conductedby the GSFC CMC prior to KDP-E and supportedby GSRTand SRB Chairs,
Chairedby Kennedy Space Center (KSC) and suppoitedby GSRTand SRB Chairs as needed




3.0 MISSON CONCEPT REVIEW (MCR)

TheMCR affirms themisson reed and examines the poposed misson's objectives andthe
concept for meding those okgdives. Key tecdhndogiesare identified and assesed. It is an
interna review that is usudly conductedby the system development arganization. ROM budyet
and shedulesare presented. At the MCR, the poject demonsiates to he reviewpanel that the:

Proposd misson meets the science.

Objectives proposed misgon is kasible.

Proposd missonand operations aesign concepts are viable

Preliminary planfor lifecycle adivities suiably illustiatesreasondle exeaution ofthe
misgon within resouice budgets and otherforeseen constaints.

3.1 Timing

TheMCR is nornally held upon completion of missn feasibility studes and representsthe
conclusion of projed pre-formulation adivities. In advance of thereview, the goject should
highlight and disuss wth thereview chairpersonany areas that nay warrant considration in
establishinghe compostion of thereview team (e.g., problematic mission equirements criti cal
technology dependencies, critical trade studes, or anticipated resaurce constraints). Depending
upon the intenet aaquisition appoach for the misson, GFC maragement may decide that an
MCR reead not becondicted orthat itwill bereplaced by a managementreview as pemitted
within theguidarce of NPR 7120.5. Suckletermination stall be madeearly in thelifecycle and
in conjurction with the development of theproject SystemsReview Plan (SRP) and
conseauently the Terms ofReference (ToR) for the StandingReview Board (SRB) as an
applicable dacument incorporated by reference.

3.2 Success Citeria

Thereview agenda, sucess citeria, and charge to the independent review board stell be
discussd for concurrence by the Principal Investigator (PI-mode oty), Program Exeautive
(SRB reviews orly), Prged Manager, Review Board Chairperson,Systems Review Manager,
and disributed to all paties priorto thereview. The Systems Review Manager responsiblefor
initiating this disusson. Excluding any required tailoring, projects must at a rmimum meet the
following criteria as pat of the MCRor demonstete an adequate path to comgetion. Table 3-2
depictsthecriteria for asuccessfulMCR.



Table 3-2: MCR Success Qiteria

Category MCR Criteria

Review Process A preliminary Systems Review Plan (SRP) including an Engineering Peer
Review Plan (EPRP) is available and deemed compliant with all applicable
reguirements.

Technical Management Mission objectivesare clealy definedand unambiguous

Potential technology needs are identified and the gaps between such needs and
the current and/or planned technology readness levels have been assessed with
acceptable reallts.

The evaluation criteria and trade space for candidatesystems that fulfill the
conceptual desgn requirements have been identified and prioritized.

Technical planning is sufficient to proceedto the next phase.

System Design and An operations concept and system architectureis providedthat meetsthese
Demonstration reguirements, demondrating the feasibili ty of the mission and technical solution.

A search wasconductedto identify existing assetsor productsthat have a
potential to be implementedto satisfy the mission or parts of the misson.

The preliminary set of requirements meeting the objectivesis providedand is
condstently statedwithin the project.

Sdety & Mission Asaurance | Sdety and mission assuranceactivities(i.e., safety, reliabili ty, maintai nabili ty,
quality, and Electical, Electonic and Electomechanical [EEE] parts) related to
the mission and conceptual designhave been adequatdy addressed.

Project Management Initial risk identification and mitigation strategieshave been providedand are
acceptable.

A rough order of magnitude cost estimateis providedand is both credible and
within anacceptable cost range.

The schedule edimatesare credible.

3.3  Key Evaluation Factors for the Assessment of Success Qiteria

TheMCR shaild contin acompete description of theconceptual msdon design. The projed
team presentsthe design usingblock diagrams, flowcharts, shematics,etc., depicting system
interfaces with external suppating systems, asvell as interfaces betveen independent system
elements. Preliminary modelingand anal ysisresults shoud bepresented inorder to illustrate
feasibility of achieving science objedives. Progranmatic planningand resource estimates $all
also be discussl in suficient cetail to permit asgsanent of relevant review objedives.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by
individual review team members when assessinghe stisfadory achievement ofthe established
criteria.



40 SYSTEM REQUIREMENTS AND SYSTEM DEFINITION REVI EWS (SRR/SDR)

Thepurmoseof this review is to \erify that thefunctional and gerformarce requirementsare
defined for the system unéer review and to ensare therequirements ae satisfied by the sekected
concept. To jusify proceeding with deailed definition and thelow-down of requirementsto the
majorelements of thesystem, the poject must cawvey to thereview panel that the:

Baselinemisgon requirementsare clealy understood

Top-level requirements br each systemelement have been determined.

Proposd misgon design and operationsconcept satisfies bagsline misson requirements
plansfor future adivitiesjustify expedations themisson design will acaommodate impogd
constrints andaccompish themisgon within allocated resources.

4.1 Timing

An SRR can beconducted for sekeded elements (e.g., spacecraft, instruments, groundsystems,
operations,etc.) as well as the miseon. An RRis typically conducted orce afeasible system
definition isavailable and while changes tothe particular element urder review can be
acommodatedwith minimal impad. TheSRR for any particular element is typically conducted
concurrently with the associated SystemDefinition Revew (SDR).

Similarly, as pat of the GS-C pracess, the Misson-level SRR (MSRR) iscondicted
concurrently with the Mission Definition Revew (MDR) toward theend of PhaseA and
provides theelevant daafor the Key Decision Point fiBo (KDP-B) gateway at which the
dedsion to praeed with the preliminary design is made. When scheduling thereview, the
project should hghlight and disuss wth thereview Chair any significant risk aess (e.g.,
problenstic requiremerts, aitical technology dependencies, outtanding trade studes, or
signifi cant resource condraints) thet may warrant consiceration inthetiming of thereview
or thecompostion of thereview team. Thedetermination ofthereadiness of gorojed to
proceal with thereview will bebased on thesaliscussionsnd at thedisaetion ofthe
Chair and in consultation wih theProjed, SystemsReview Manager, Program Office and
Conwening Authority as applicable.

4.2 Success Qiteria

The SRR/SDR and MSRR/MDR criteria providedbelow should beconsultedealy enough in the
project scheduleto sekd asuitable date for thereview and to progrly plan an agendathat
fulfills the objectives of aSystemRequirementsReview (SRR) simultaneoudy with those ofa
System DEfinition Review (SDR). Thesystem under review may includeelementssuch as
groundsystemsjngruments, and saceaaft; or the obervatory which includes thelight and
groundsegments.Thereview agenda, sucess citeria, and chargeto theindependent review
board shall bediscussd for concurrence with the Principal Investigator (PI-mode othy), Program
Exeautive (SRB reviews only), Progct Manager, Review Board Cheirperson, andSystems
Review Manaer; and distribugd to all paties priorto the eview. The Systems Review Manager
is responsble for initiating this disusgon. Excluding any required tailoring, projects must at a
minimum meet thefollowing criteria as pat of theSRR/SDR or MSRR/MDR, or cemonstete an
adequate path to competion. Table 4-2 depicts the criteria for asuccessful SRR/SDR or
MSRR/MDR.
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Table 4-2: SRR/SDR or MSRR/MDR SuccessCriteria

Category

Review Process

The Mission Concept Review (MCR), if applicable, was successfull y completedwith every
Requestfor Action (RFA) reaching an acceptable disposition.

Planned peer reviews associatedwith the system under review have been successfully
completed.

MSRR/MDR Only- A baseine Systems Review Plan (SRP) and Engineering Peer Review
Plan (EPRP) have been approvedand i mplemented.

Technical
Management

The system desgn buil ds upon the initial concept by providing a ammplete definition of the
interfaces and key higher-level performanceand technical requirements; which have been
appropriately flowedto the systems and/or subsystems.

The mgjor risks have beenidentified and viable mitigation strategiesare defined.

The project utilizes a sound process for the allocation and control of requirementsat all
levels.

Requirementsare clearly understood and the project is ready to fully flow reguirementsto
the lower levels.

MSRR/MDR Only- Top level requirements exhibit alignment with NASA needs, goals,
and objectives,and hasbeen adequatdy flowed down to the appropriate misson elements.

System Design and
Demonstration

The system and subsystem design appraachesand operational concepts are reasonable,
feasible, complete, reponrsive to the performance requirements, and are condstent with
system requirements.

Preliminary approacheshave been deteminedfor verifying and validat ng subsystem
requirements.

Sdety & Mission

A system safety plan is compl etedthat detailsthe safety management and engineering

Assurance requirements for identif ying, evaluating, and eliminating or controlli ng hazards.

A baseine of the mission assurancerequirementsis available.

Thelevel of quality assuranceto be implementedis appropiiatdy defined.
Project A plan hasbeen definedto completethe definition activity within schedule condraints.
Management

The overall concept is cong stent with available resources. MSRR/MDR Only- A cost
estimateis providedalong with a clearly definedbasisof esimateand is both
credible and within an acceptable cost range.




4.3  Key Evaluation Factors for the Assessment of Success Qiteria

The SRR/SDR and MSRR/MDR shouid contain acompete and comprehensive aescription of
theelement and mission ebign, respectively, with relevant canceptual systems degjns. It should
present the design by means of black diagramsthat deptt system interfaces with external
supportingsystems, asvell as depicting interna interfaces betveen independent system
elements. Competed moaing and analyses resuts should be pesentedas required toillustrate
that sience objectives will be achieved.

Programmatic consicerations shall also be discusl in sufficient detail to permit asgsgnent of
relevant review criteria.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by
individual review team memlers when assessinghe stisfadory achievement of theestablished
criteria.



5.0 PRELIMINARY DESIGN REVIEW (PDR)

At the PDR, the mject discloses theompete system orsulsystem asign to thereview panel.
Theability of the preliminary design to med all requirements withaaceptable risk is pesented.
Theprojedions forcompleting the poject within theidentified cost and shedule constaints are
also providedTherealinessto proceel with thedetaileddesign is demonstetedby:

Completing a credible and aaceptablepreliminary design that neets peformarce
requirements

Selecting asuitabledesign soluion, makingnecessary resaurce alocaions,and identfying
critical interfaces and requirements ‘erification methods

Confirming requirementscompgiance with suppating design anal yses.

Presenting acceptableplans forthecompetion of system or sugystem avelopment andthe
subsegant opeations (if applicable) within the dentified cost and ehedule constaints

5.1 Timing

ThePDR is thefirst mgjor review of the overall system design and is nomally held prior
to the peparation of detailed design drawings andthe nitiation ofany full-scde flight
hardware or software development. A PDR is heldwhen thedesign is adwanced
suficiently to begin sane lreadbaard testing and/orthe fabrication of design models. A
PDRis required for all misson elements (i.e., spcecraft, instruments, groundsystems,
and oprations)as well as the missn itself. The Mission Preiminary Design Review
(MPDR) is thelast misgon-level review in Phase Bprior to the Key Decision Point iC 0
(KDP-C) gateway identified in NPR 7120.5.

When scheduling adesign review of thistype, theprojed should hghlight and dscuss
with thechairpersonany signifi cant development areas that may warrant attention wkn
establishinghe tming of thereview or compostion of thereview team due to the
magnitudeof theeffort, technical difficulty, complexity, or criticality of success.

5.2 Success Criteria

Thereview agenda, sucess citeria, and charge to the independent review board stell be
discussd for concurrence by the Principal Investigator (PI-mode oty), Program Exeautive
(SRB reviews orly), Prged Manager, Review Board Cheirperson,andSystans Review
Manager,; and distibuted to all paties priorto thereview. The Systems Review Manager
responsble for initiating this disussion. Excluding any required tailoring, projeds mustat a
minimum meet thefollowing criteria as part of the PDR or cemonstrate an adequate peth to
competion. Table 52 depictsthecriteria for a successful PDR.
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Table 5-2: PDR Success Criteria

Category PDR Criteria

Review Process The SRR or MSRR/MDR wassuccessully completed, if applicable, and reponsesmade
to each Request for Action (RFA).

All subsystem PDRs and the associated peer reviews have been successfully completed.

All asdgnedactions have an acceptable disposition including plansto completefor work in

process

Technica All processes (desig, implementation, interface controls, risk management, safety, test&

Management verification, operations etc) usedto develop and operatethe system are at expected
maturity level.

The preliminary desgn is expectedto meet the requirements within the resourceallocation.

SystemDesignand | The preliminary dedgn is consistent with the top-level requirements. The operations
Demonstration
concept, if applicable, is technically sound.

The definedtedhnical interfacesare condgstent with the overall technical maturity.

Adeguatemargins exist with regect to technical performance.

Any required new technology hasbeen developedto anadequatestateof readness or
viable optionsexist.

Sdety & Mission Sdety, reliabili ty, maintainability, quality, and Electical, Electonic and Electomechanical

Assurance (EEE) parts have been adequatdy addressedin preliminary desgnsand any applicable
S&MA products(i.e., hazard analysis and failure modesand effects analysis) have been
identified.

Project Design definition is sufficient to suppott initial parametric and bottoms-up cost estimating.

Management

Cost estimates, control processes,and schedule indicatethe system will be ready on time
(i.e., integration, delivery, launch, etc) and within budget.

5.3  Key Evaluation Factorsfor the Assessment of Success Giteria

ThePDR shoud contain acompete and comprehensive pesentation ofthe entire design. It
should pesent thedesign and interfaces by means of block diagrams, paver flow diagrams,
signal flow diagrams, interface circuits, softvare logic flow and iming diagrams. Appropiate
modelingresults shold be presented. Thetraceability of all deliverable items dscussedat
previousreviews slall beupdatedand presented.Programmatic consicerationsshall aso be
discussd in suficient detail to permit asesanent of relevant review objedives.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by

individual review team members when assessinghe stisfadory achievement of theestablished
criteria.
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6.0 CRITICAL DESIGN REVIEW (CDR)

At the CDR theprojed discloses theompete system asign tothereview panel. Theproed
demonstetes that the maturity of thedesign and development efort:

Jugifies procealing with full scale fabricaion activities,assemby, integration and test
Is on tadk to completdlight system, groundsystem, andmission ojgrations cevelopment.
Meets mission paformance requirements withintheidentified cost and ehedule constiaints.

6.1 Timing

TheCDR is held ea thecompgetion ofthefinal design sige, includingthe competion
of engineaing modelevaluations,as agplicable, and breadbcard development and ést.
Although subsantial completion of dawings isexpeded, thereview shouldbe held prior
to any design freeze and before any significant flight fabrication adivity begins. ACDR
is required for al elements (i.e, spacecraft, instruments, andyroundsystems)as well as
themission (MCDR).

When shedulingthereview, the poject should Ighlight and disuss wth thereview
Chair any significant development areas (significant due tatheamoun, thecriticality, the
technical difficulty/compleity, etc.) which may not be sificienty matue and may
warrant consieration regarding either timing of the review or compostion of thereview
team. Thestat of limited fabrication ¢ypically long lead items, off-the-shéf hardware or
common buy items) kefore CDR is commorand generally acceptable. Theprojed
should, hovever, consult wih thereview Chair to oktain corcurrence with respect to any
significant flight hadware fabrication that will take place before CDR.

6.2 Success Citeria

A review agenda, success aiteria, and charge to theindependent review board shall bediscussd
for concurrence by the Principal Investigator (PI-mode othy), Program Exeautive (SRB reviews
only), Progct Manager, Review Board Chair, and SystemsReview Manager; and dstributed to
all paties rior to thereview. The Systems Reviewlanageris responsble for initiating this
discussion. Excluding any required tailoring, projects mustat a minmummeet thefollowing
criteria as pat of theCDR or demonstete an adequate path towardscompetion. Table 62
depictsthecriteria for asucessful CDR.
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Table 6-2: CDR Success Criteria

Category CDR Criteria

Review Process The Preliminary Desgn Review (PDR) has been successfully completedand regponses
made to each Request for Actions (RFA).

All subsystem CDRs and the associated peer reviews have been successfully completed.

All asdgnedactions have an acceptable disposition including plansto completefor work in
process

Technical Interface Control Documents are appropriately mature to proceedwith implementation.
Management
Plans are in placeto manage any openitems

System design (including key element interfacesand performance specifications) is
completeand the processesusedto develop and operatethe system are sufficiently defined
to start procurement, fabrication, manufacture, integration, and teding.

SystemDesignand | The maturity of the applicable systems and operations desgns warrant proceeding to
Demonstration implementation.

High confidenceexistsin the product baseline, and adequatedocumentation exists and/or
will existin a imely mannerto enter the next phase including fabrication, asembly,
integration, and test activities.

The detaileddesin is expectedto meet the requirements with adequatemargins

Adeguateresources exist to complete system development within acceptedrisk constraints.

Sdety & Mission Sdety, reliabili ty, maintainability, quality, and Electical, Electonic and Electromechanical
Assurance (EEE) parts have been adequately addressedin system and operational designs and any
applicable S& MA products(i.e., hazard analysis and failure modes and effects analysis)
have been completedand approved.

Project Adeguatetechnical and programmatic margins and resources exist to completethe
Management development within budgetand on schedule.

6.3 Key Evaluation Factorsfor the Assessment of Success Qiteria

The CDR shold represent acompete and comprehensive pesentation oftheentire final design.
It should pesent thefinal design and interfaces by means ofcompeteddrawings, black
diagrams, pover flow diagrams,signal flow diagrams,interface circuits, sdtware logic flow and
timing diag-ams, modeling results, andbreadbaard and engineering model test resultts.
Traceaoility for al items spedfied for previousreviews, updted to the pesent dageof the
development pracess, slall be presented. Programmatic consicerations shH also bediscussd in
sufficient detil to pemit assessment oElevant review objectives. The GSFC STD-1001-
Appendix provides smple key evaluation factors oftenapplied by individual review team
memlers when assessinghe stisfadory achievement of theestablishedtriteria.
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7.0 MISSON OPERATIONS REVIEW (MOR)

At the MOR, the poject demonstetes to theeview panel that:

Requirements br al phases andmodes of rsson operations, @ta processng, and
analysisare thoroughly understood

All operations will beadequately staffed and exeauted

Planred implementation of theground system satisfiesll operational requirements
preliminary plansfor the exeaution of a comprehensive end-to-end verification and
validation program are compete.

7.1  Timing

TheMOR is thefirst of two goundsystem reviews designed to focus onmisgon ogerations.Itis
typically held uponcompetion ofdetailed design and in all ases shold be held prior to
initiation of majorintegration adivities offlight subsystemelements.

When sheduling the eview, theprojed shodd highlight and digusswith thereview
Chair any extenuating circumdances or poblem areas that nay deserve consiceration
regarding timing of thereview or compostion of thereview team.

7.2 SuccessCriteria

Thereview agenda, sucess citeria, and charge to the independent review board stell be
discussd for concurrence by the Principal Investigator (PI-mode oty), Program
Exeautive (RB reviews orly), Prged Managr, Review Board Chairperson,andSystems
Review Manager,; and distibuted to all paties priorto thereview. The Systems Review
Manageris responsble for initiating this disussion. Excluding any required tailoring,
projeds mustat a minmummeet thefollowing criteria as part of the MOR or demonstete
an adequate peth towardscompetion. Table 7-2 depicts the criteria for a sucessful MOR.
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Table 7-2: MOR Success Qiteria

Category MOR Criteria

Review Process The MPDR wassuccessully completedwith an acceptable dispaosition of each mission
operations specific Requestfor Action (RFA).

The associated peer reviews have been successfully completed.

All asdgnedactions have an acceptable disposition including plansto completework in
process

Ground system and operations requirements have been adequatdy defined.

Technical Linkage of misgon reguirementsto the ground system suppott requirements and
Management subsequent flow-down to the operations personnel and technical elements within the
ground systemis complete,traceable, and verifiable.

The operations approach is expectedto meet the misson requirements with anacceptable
level of risk.

SystemDesignand | Planning for all phasesand modesof mission operations (including observatory operations,
Demonstration dataprocessng, and analyses)adequatdy addressesall ground system requirements.

An acceptable level of maturity has been demonstratedfor the overall operations desgn
including the definition of mission operations requirements, ground system requirements,
logistics, training, Information Technology (1 T) security, verification tegs, and operator

certification.
Sdety & Mission Sdety related requirements for real-time operations, including safety monitoring and safe-
Assurance mode operation, have been suitably definedand allocatedfor the operations design.
Project Identified risk mitigation plans are syppottedby suitable proceduresand resources for the
Management effective management of the risks.

System design meets mission performancerequirements within identified cost, schedule,
and resource congraints.

7.3  Key Evaluation Factors for the Assessment of Success Qiteria

TheMOR should faus predominately upon the panningin areas driven by operational
consicerations. To thaend, it is not an m-depth review of thedesign. Projed peer review
adivity and oher missian-level reviews addressthoseconsiderations.Conseajuently, information
on cevelopment tasks should éas oncurrent gatus and pns forinterading with verification
and ogerationsrelated adivities in acoordiratedfashion.

Programmatic consicerationsshall also be discussl in suficient detail to permit asgsanent of
relevant review objectives.

The GSFC STD-1002-Appendix providessample key evaluationfadorsoftenapplied by

individual review team members when assessinghe stisfadory achievement of theestablished
criteria.
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8.0 SYSTEMSINTEGRATION REVI EW (SIR)

The SIR evaluates thereadiness othe owrall system(all elements workng together) to
commence Integration and Test (I&T). At the SIR, the poject demonstates that:

Required validation & verfication plans, inggration plansand procedures, and test pdns
are available and approved to begin integration.

Required systemcompaents, suppat pesonrel, integration fecilities,and test proedures
are available and ready to begin system &sting and data acquisition, reduction, and control
required GroundSuppat Equipment (GSE) is ready to suppori&T

8.1 Timing

TheSIR is a misson-level review normally held after competion ofthe irtegration and test of
theassocatedflight andgroundelements and shisystemsthat make up thefinal system. This
review marks thebeginning of Phase D (systemassembly, integration, testand laurch) and
precales theKey Decision Point iD G(KDP-D) gateway review conducted by the Agency.
Successfulelement/sulsystems functional and performarce testing are required for baseline
performance and trending information rior to theinitiation of system inéegration.

8.2 Success Qiteria

Thereview agenda, sucess citeria, and charge to the independent review board stell be
discussd for concurrence by the Principal Investigator (PI-mode oty), Program Exeautive
(SRB reviews ony), Prged Manager, and Revew Board Chairperson,andSystems Review
Manager; and distribugd to all paties priorto the eview. The Systems Review Manager
responsble for initiating this discussionExcluding any required tailoring, projects must at a
minimum meet thefollowing criteria as pat of theSIR or demonstate an adequate path towards
competion. Table 82 depicts thecriteria for a sucessful SIR.
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Table 82: SIR Success Qiteria

Category SIR Criteria

Review Process Succesgul completion of the MCDR with reporsesmade to each Reguestfor Action
(RFA).

All subsystem PERs and PSRs, asapplicable, have been successfull y concludedwith
acceptable disposition of every RFA.

Associated peer reviews have been successfully completed.

All asdgnedactions have an acceptable disposition including plansto completefor work in

process
Technical Element and component desgns have been satisfactorily qualified and the engineering and
Management performancerequirementsverified.

All integration plans and proceduresare approvedand ready to begin system integration.

SystemDesignand | All syppott personnel and facilitiesare available and system componentsare ready to be
Demonstration integratedinto the system.

System elements and comporents have satisfactorily completedverification teding as
required at the lower levels.

Sdety & Mission The identification of safety hazards for ground hardware and operationsis completeand

Assurance the required controls are i mplemented.
Project Adequateprogrammatic margins and resources exist to completethe integration effort
Management within acceptedrisk constraints (i.e., probability versusimpact).

System desigh meets mission performancerequirements within identified cost, schedule,
and resource congraints.

8.3  Key Evaluation Factors for the Assessment of Success Qiteria

The SIR focuses oressessingthe inegration plansand procedures for the system. Confimation
thatall required elementsand/orcomponentsre available for integration and thatapplicable
functional, unit-level, subsystem,and cualificaion testinghave been conducted swecessfuly.
Finally, the readinessand availability of integration facilities, ircluding clean rooms, ground
supportequipment, handlingfixtures, owerhead cranes, andelectrical test equipment, ae
assesad.

Programmeatic consicerationsshall also be discussl in suficientdetail atthe SIR to permit
assessment atlevant review objectives.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by

individual review team memlers when assessinghe stisfadory achievement of theestablished
criteria.
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9.0 PRE-ENVIRONMENTAL REVI EW (PER)

At the PR, the poject discloses theeompete project satusto thereview panel. Theprged
demonstetes that theflight system is:

Ready to proceal with environmentl testing as an integrated system
On tradk to complete development andcondtct operations, ifrequired, within allocated cost
and <heduleresources.

9.1 Timing

ThePERis heldafter completion ofthe intial successful comprehensivesystems est of the
fully-integratedflight systemand prior to initiation ofthe system level environmental test
sequence A PERIs required for elements such as the spacecraft, instruments, and gound
systems asvell as forthe all-up ob®rvatory as amisson-level review. Spacecraft bus testings
oftencondicted at the dyservatory level, in which casethe Sgacecraft PERIs paformed in
conjunction wth the MissiorPER.

When scheduling thereview, theprojed should hghlight and discuss with theview
chairpersonany extenuating circumaances or poblem areas that may deserve
consiceration re@rding timing of thereview or compostion of thereview team.

9.2 Success Qiteria

Thereview agenda, sucess citeria, and charge to the independent review board stell be
discussd for concurrence by the Principal Investigator (PI-mode oty), Program Exeautive
(SRB reviews only), Prged Manager, Review Board Chairperson,andSystems Review
Manager; and distibuted to all paties priorto thereview. The Systems Review Managier
responsble for initiating this disussion. Excluding any required tailoring, pojects must at a
minimum meet thefollowing criteria as pat of the PER or demonstete an adequate path
towards completion. Table 92 depicts thecriteria for a successful PER.

18



Table 9-2: PER Success Criteria

Category PER Criteria

Review Process The CDR or SIR,whichever is applicable asthe latestreview, hasbeen succes<ully
completedand regponsesmade to each Requestfor Action (RFA).

TestRead nessReviews (TRRs) have been definedand scheduled asrequired.

Technical A review of the testplans, procedures,environments, and the configuration of the testitem,
Management provide a reasonable expectation that the objectivesof the testing will be met.

Planning for subsequent flight system activities, satisfactory progresson development of
other system elements, and adequacy of available resourcesto completeremaining project
activiti es wasdemonstrated.

SystemDesignand | A requirements-compliant flight system desgn has been integratedand subjectedto a
Demonstration siecessful comprehengve systemstest establishing a baseine for future teds.

Suppott system components have been successfully integratedinto the system and required
personnel and facili tiesare available for system testing.

The objectivesof the testing have been clearly definedand documented.

Sdety & Mission The status of safety datasubmissons, procedures,and verification activitiesindicatea
Assurance proper maturity level at this point in the life-cycle.

The identification of safety hazardsfor flight, range, ground hardware and operationsis
complete.

The dispaosition and status of previous anomalies,deviations and waivers have been
assessedin their entirety and the identified risks are acceptable to proceeding.

Project System desigh meets mission performancerequirements within identified cost, schedule,
Management and resource condraints.

Programmaticrisk levelsare appropriatelyidentified and have been acceptedby the project
asrequired.

9.3 Key Evaluation Factors for the Assessment of Success Qriteria

The PER should pesent acompete and comprehensive status athefinal system withemphasis
on changes totherequirementsand the @sign sinrce CDR and/or System Integration Revew
(SIR) (if applicable). It shouldtrace al fabricationand lower level verifi cation adivitieswith
emphasis on idcrepancies andtheir resolution. It should dedil thecompostion andresults of the
comprehensivesystem &st. It should dedil all remaining project activities and cetail status ofall
othermisgon systemelements.

Programmatic consicerationsshall bediscusgd in suficient detail to permit asgsanent of
relevant review objectives. The GSFC STD-1001-Appendix provides smple key evaluation
factors dten applied by individual review team membe's when assessig the satisfadory
achievement of theestaldishedcriteria.
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10.0 FLIGHT OPERATIONSREVIEW (FOR)

TheFOR is the scondof two ground system reviews held to examinemisson ogerations $atus
duringwhich the poject demonstates orverifies:

Comgiance with all mission opeations equirementsand theability to exeauteall phases and
modes oimisgon operations, dta processng, and anaysis.

Adequate danningand resoutes arein place for any remainingactivitiesassocatedwith
interactive flight andground testiig, network compatibility testing, and oter remaining pre-
laurch testing

Acceptablestéfing, training and certificaion ofthe flight team.

10.1 Timing

TheFOR is held dting thetest flow of thefully integratedflight system,after competion
of the intial suacessfulcomprehensivesystemstest butprior to thelast major inteadive
test betveen theflight andgroundsystem elements tlat is caxducted kefore shipment of
fli ght systemelementsto thelaurch site.

When stheduling the review, the poject should Ighlight and diguss withthereview Chair any
extenuating circumgances or poblemareas thatmay deserve consiceration re@rding timing of
thereview or compostion of thereview team.

10.2 Success Citeria

A review agenda, success aiteria, and charge to theindependent review board shall bediscussd
for concurrence by the Principal Investigator (PI-mode othy), Program Exeautive (SRB reviews
only), Progct Manager, and Revew Board Chairperson,andSystemsReview Manager; and
distribuied to all paties priorto thereview. The Systems Review Managesresponsble for
initiating th's disusson. Excluding any required tailoring, projects must at a rmimum meet the
following criteria as pat of the FOR or demonstete an adequate path towardscompgetion. Table
10-2 depictsthecriteriafor a successful FOR.
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Table 102: FOR Success Qiteria

Category FOR Criteria

Review Process The MOR hasbeen siccessfully completedand regponses made to every operationsrelated
Requestfor Actions (RFA).

The associated peer reviews have been successfully completed.

All asdgnedactions have an acceptable disposition including plansto completefor work in

process
Technical Planning for all phases, modes, and agoects (development, Verification and Validation
Management (V&YV), sustaining engineering, staffing, Information Technology (IT) and physical

security) of mission operations, dataprocessng, and analysis adegquatdy addressesall
Ground System requirements at the proper level of maturity.

SystemDesignand | Completion of all phasesand modes of mission operations dataprocessng, and analysis
Demonstration hasbeen verified.

Ground System mission elements are ready to proceedwith final integratedflight and
ground system testing aswell asremaining suppott to pre-launch, launch, misson
operations dataprocessng, and analysis activities.

Results of activities sincethe MOR aswell as plans for all remaining work prior to launch
were preseited.

Sdety & Mission All safety processesrelated to the operation of the ground system are at expected maturity
Assurance level.

Project The flight operations approach is expectedto meet the mission requirements with an
Management acceptable level of risk.

Identified risk mitigation plans are syppottedby suitable proceduresand resources for the
effective management of the risks.

The system desgn meets mission performance requirements within identified cost,
schedule, and resourcecondraints.

10.3 Key Evaluation Factorsfor the Assessment of Success Qriteria

The FOR shold highlight any changes torequirements or dsign sirce the MOR. It should
provide cetails of verfication and checkout of ground systemelements withemphasis on
disaepanciesand theirresoldion. It should dedil al remainingadivitiesand emphaskie
adequacy of operations pbanningand danned tesingto demonstte thatall operations senarios
can behandled scesstlly.

Programmatic consicerations shall also bdiscused in suficient detail to permit asgsanent of
relevant review objectives.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by

individual review team members when assessinghe stisfadory achievement of theestablished
criteria.
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11.0 PRE-SHIPMENT REVIEW (PSR)

At the PSR the poject demonsiates to theeview panel that:

All system \erification activities rave been swccessfully competedand thesystem neds
its requirements

Thesystemand supprt (flight andground) hardware, software, personrel, procedures, and
userdocumenttion accurately refled thefinal operational state ofthe system undermreview.
Thesystem is eady for shipment and/orfinal processng prior to integration or

launch, whichever is applicable.

11.1 Timing

ThePR is condgted pior to shpment offlight systemelementsto the sitefor the next
level of integration, orto thelaunch site. Etry criteriafor this review includethe
successfulcompetion ofall verification adivities ofany associated flight andground
systems. The BR is required for al applicable elements (i.e., speecraft, instruments,
groundsystems, et) as well as forthe misgon.

When stheduling thereview, theprojed should hghlight and disuss wth thereview Chair any
significant problemareas that may posedifficulty during thereview.

11.2 Success Citeria

A review agenda, success aiteria, and charge to theindependent review board shall bediscussd
for concurrence by the Principal Investigator (PI-mode othy), Program Exeautive (SRB reviews
only), Progct Manager, and Revéw Board Chairperson,andSystemsReview Manager; and
distribuied to all paties priorto thereview. The System Review Manages responsble for
initiating th's dicusson. Excluding any required tailoring, projects must at a rmimum meet the
following criteria as pat of the PSR or demonstete an adequate path towardscompetion. Table
11-2 depictsthecriteriafor a successfulPR.
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Table 11-2: PSR Success Qiteria

Category PSRCriteria

Review Process The PER hasbeen successfully completedand each Request for Action (RFA) is closed.
All subsystem P Rs have been successfully completed.

All asdgnedactions have an acceptable disposition including plansto completefor work
in process

Technical The system meets the estdlished accepancecriteria.
Management
Planning and preparation for shipping and subsequent ground processng and post-
deployment operations (e.g., post-shipment checkouts, launch, operations etc) is
complete.

The existing resdual risks and criticality ratings identified on the NASA standard 5x5
risk matrix have been asessedasaaceptable.

SystemDesignand | The required tegs and analyses are complete and indicatethat the system will perform
Demonstration properly in the expected operational environment and meets the estdlished acceptance
criteria.

The system including any enabling productsis ready to be placed in anoperational
status.

Planning and preparation for continuedground processng, launch, and mission
operationsis complete.

Sdety & Mission All waivers and anomalieshave been closed.

Assurance
Could-not-duplicatefailuresare identified and assessedat anacceptable level of residual
risk to proceed.
The required approvalsof the safety status and hazard assessmentsfor flight, range,
ground hardware and operations are completed.
Project System design meets mission performancerequirements within identified cost, schedule,
Management and resource condraints.

11.3 Key Evaluation Factorsfor the Assessment of Success Qiteria

Programmatic consicerations shall bediscussd at the PR in suficient detil to pemit
assessment aklevant review objectives.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by

individual review team memlers when assessinghe stisfadory achievement of theestablished
criteria.
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12.0 OPERATIONAL RE ADINESS REVIEWS (ORR)

At the ORR the poject demonstetes to theeview panel that:

All flight andgroundsystem veifi cation adivities have been siccessfuly

competed thesystem is eady for final processng prior to launch and misson
operations

All systemand suppor{flight andground) hardware, software, persomel, procedures,
and userdocumenttion accurately refl ed the deployed site ofthe system

12.1 Timing

TheORRIis conduted pior to shpment offlight systemelementsto the bunch siteand
after sucessfulcompetion ofall verification activities offlight andgroundsystem
elements.

When schedulingthereview, theprojea should hghlight and disuss wth thereview Chair
any significant prodem areas that may paose difficulty duringthereview.

12.2 Success Qiteria

A review agenda, success aiteria, and charge to the independent review board shall bediscussd
for concurrence by the Principal Investigator (PI-mode othy), Program Exeautive (SRB reviews
only), Progct Manager, and Revew Board Chairperson,andSystemsReview Manager; and
distribuied to all paties priorto thereview. The System Review Manages responsble for
initiating th's discusson. Excluding any required tailoring, projects must at a rmimum meet the
following criteria as pat of the ORR or demonstete an adequate path

towardscompetion. Table 122 depictsthecriteriafor a successful ORR.
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Table 122: ORR Success Qiteria

Category ORR Criteria

Review Process All lifecycle mil estone reviews have been successfully completed.

All assgnedactions have an acceptable disposition including plansto completefor work

in process
Technical Systems hardware, software, personnel, and proceduresare in placeto syppott
Management operations

Flight and ground software elements are ready to syppott flight and flight operations
Interfacesare checkedand found to be functional.

SystemDesignand | The overall system characteristicsand the proceduresusedin the system or productés
Demonstration operation are defined.

All project and suppott (flight and ground) hardware, software, personrel, and
proceduresare ready for operations and the user documentati on accuratdy reflectsthe
operational stateof the system.

Sdety & Mission The required approvalsof the safety status and hazard assessmentsfor flight, range,
Assurance ground hardware and operations are completed.

The hardware is deemedacceptably safe for flight.

Project Any openremaining current risks are manageahle through monitoring and/or mitigation.
Management
System dedgn meets mission performancerequirements within identified cost, schedule,
and reourcecongdraints.

12.3 Key Evaluation Factors for the Assessment of Success CQriteria

Programmatic consicerationsshall bediscussd at the ORRin sufficient detail to permit
assessment aflevant review objectives.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by

individual review team memlers when assessinghe stisfadory achievement of theestablished
criteria.
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13.0 POST-LAUNCH ASESSMENT REVIEW (PLAR)

At the PLAR, theproject demonstetes to theeview panel the:

Readiness othe spaeaaft systemsto proceed with full, routine ogrations

status, pgormance and capabilities ofthe poject as evicenced fromthefli ght opeations
experience since laurch

Readiness tdransfer responsibiity from thedevelopment oganization tothe

operations a@ganization

Project plans and thecapability to conduet the mission with emphsison rea-term
operationsand misson-critical events

13.1 Timing

ThePLAR is canductedfollowing the launch, typicdly after the early flight operationsand

initial chedkoutand grior to any Critical Event Readiness Rview (CERR). When sedulingthe

review, theprojed shoud highlight and disusswith thereview Chair any signifi cant prodem
areas that may pose difficulty during thereview.

13.2 Success Citeria

A review agenda, success aiteria, and charge to theindependent review board shall bediscussd

for concurrence by the Principal Investigator (PI-mode othy), Program Exeautive (SRB reviews

only), Progct Manager, andReview Board Chairperson;and distribued to all paties priorto the

review. The chairperson is esponsble forinitiating ths dicusson. Excluding any required
tailoring, projects must at a rmimum meet thefollowing criteria as pat of the PLAR or

demonstete an adequate path towardscompetion. Table 132 depictsthecriteriafor a successful

PLAR.

Table 132: PLAR Suacess Qiteria

Category

Review Process

PLAR Criteria

Liens if any, on operations identified aspart of the ORR, have been satisfactorily
disposed.

Technical The misgon operations capabili ties,including staffing and plans are adequateto
Management accommodatethe required fli ght performance.

SystemDesignand | The observed spacecraft and science payload performance agrees with prediction, or if
Demonstration not, is adequatdy understood so that future behavior can be predictedwith confidence.

Sdety & Mission

All anomalies have been adequatdy documented, and their impact on operations

Assurance assessed.
Further, anomaliesimpacting spacecraft health and safety or critical flight operations
have been properly disposed.
Project Project plans are completefor the conduct of the misson with emphasson near-term
M anagement operations and misson-critical events.
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13.3 Key Evaluation Factors for the Assessment of Success Qiteria

Programmatic consicerationsshall bediscused at the PLAR in suficient detail to permit
assessment aflevant review objectives.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by

individual review team memlers when assessinghe stisfadory achievement of theestablished
criteria.
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14.0 CRITICAL EVENT READINESSREVIEW (CERR)

At the CERR, the moject demonsiates to theeview panel:

Readiness to xeaute thecrucial adivities immedately before and after the critical event
Readiness to reaute themisso n éiscal activities duing flight operations

14.1 Timing

The CERRIis condutedfollowingthe lunch and prior to any Critical Event activities.When
schedulingthereview, theprojed should hghlight and diguss wth thereview Chair any
significant prodem areas that may pose difficulty duringthereview.

14.2 Success Citeria

A review agenda, success aiteria, and charge to theindependent review board shall bediscussd
for concurrence by the Principal Investigator (PI-mode othy), Program Exeautive (SRB reviews
only), Progct Manager, and Revew Board Chair, ; and dstributed to all paties priorto the
review. Thereview Chair is responsble for initiating this disussion. Excluding any required
tailoring, projects must at a minimunmeet thefollowing criteria as pat of theCERRor
demonstete an adequate path towardscompetion. Table 142 depicts thecriteria for a successful
CERR.

Table 142: CERR Success Citeria

Category CERR Criteria
Review Process All related peer reviews have been successfully completedwith all assgnedactions
having anacceptable disposition.
Technical The requirements for the successful execution of the critical event(s) are completeand
Management understood and have floweddown to the appropiatelevelsfor implementation.

SystemDesignand | The critical activity design complies with requirements.
Demonstration

Sdety & Mission The preparation for the critical activity, including the verification and validation, is
Assurance thorough.

Project The project (including all the systems, suppotting services,and documentation) is ready
Management to syppott the activity.

14.3 Key Evaluation Factors for the Assessment of Success CQriteria

Programmatic consicerations shall bediscused at the CERRIn sufficient detil to pemit
assessment atlevant review objectives. TheGSFC STD-1002-Appendix providessample key
evaluation factors dtenapplied by individual review tean members when assessinghe
satisfadory achievement of theestablishedtriteria.
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15.0 DECOMMISSONING REVIEW ( DR)

At the DR, the poject demonstetes to theeview panel that:

The deasion toterminate or decommission the system meds allapplicable

Agency regulationsregarding sdety, environmental, and hedth sendardsand
regulations

Therealinessof the system for s&e decommissioning and disposal ofystem assts

15.1 Timing

TheDR is canducted rea theend d, or following theend ofthe operational life of the
spaecraft.

15.2 Success Citeria

A review agenda, success aiteria, and charge to theindependent review board shall be discused
for concurrence by the Principal Investigator (PI-mode othy), Program Exeautive (SRB reviews
only), Progct Manager, and Revew Board Chairperson;and distribued to all paties priorto the
review. The chairperson is esponsble for initiating ths dicusson. Excluding any required
tailoring, projects must at a rmimum meet thefollowing criteria as pat of the DR or
demonstete an adequate peth towardscompetion. Table 152 depictsthecriteriafor a successful
DR.
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Table 152: DR Success Criteria

Category DR Criteria
Review Process N/A
Technical Sdety, health, and environmental hazards have been identified.
Management

Controls have been verified.

SystemDesignand | The decommissioning and dispasal planis complete,approvedby approptiate
Demonstration management, and compli ant with applicable Agency safety, environmental, and health
regulations

Operationsplans for all patential scenarios, including contingencies, are complete and
approved.

All required suppott systems are available.

Sdety & Mission Risks assciated with the disposal have been identified and adequatdy mitigated.
Assurance
Resdual risks have been acceptedby the required management.

Project Plansfor dispasition of misson-ownedassets (i.e., hardware, software, and facilities)
Management have been definedand approved.

Plansfor archival and subsequent analysis of misson datahave been definedand
approved.

Arrangements have been finalizedfor the execution of such plans

Plans for the capture and dissemination of appropiiatelessonslearnedduring the project
life cycle have been definedand approved.

Adequateresources (schedule, budget, and staffing) have been identified and are
available to successfully completeall decommissoning, disposal, and disposition
activities.

15.3 Key Evaluation Factors for the Assessment of Success CQriteria

Programmeatic consicerationsshall bediscussd at theDR in suficient detil to pemit
assessment aflevant review objectives.

The GSFC STD-1002-Appendix providessample key evaluationfadors dtenapplied by

individual review team memlers when assessinghe stisfadory achievement ofthe established
criteria
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C&DH
CDR
CERR
CLA
CMC
COTS
CPT
CPU
CSCls

DR

EEE
EMC
EMI
EPRP
EPRs
ETU

FMEA
FOR
FOT
FRR
FSW
FTA

GFY
GIDEP
GN&C
GOTS
GPR
GSE
GSC
GS
GSCDR
GSPDR
GSRR
GSDR

ICDs
GSRT
IT

ACRONYM LI ST

Command and Data Handling

Critical Design Revew

Critical Event RealinessReview
CoupledLoads Analysis

Center Management Couil
Commercial Off-The-Shelf
Compehensive Peformance Test
Compuer PracessorUnit

Compuer Software Corfiguration ltems

Demmmissioning Review

Electrica, Electronic and Electromedanical
Eledromagnetic Compaibility
Electromagnetic Interference

Engineering Pee Review Plan

Engineering Pea Reviews

Engineering Test Unit

Falure Modes andEffects Aralysis
Flight OperationsReview

Flight Operations Team

Flight ReadinessReview

Flight Software

Fault Tree Analysis

Government Fiscal Y ear
Government-Industy Data Exchange Program
Guidance Navigationand Control
Government Off The Shelf

Goddard Pracedural Requirements
GroundSuypport Equipment

Goddard Space Flight Center
GroundSegment

GroundSegment Criti@ Design Revew
GroundSegmentPreliminary Design Review
GroundSegment RequirementsReview
GroundSegment DefinitionsReview

Interface Control Documents

Goddard SystemBeview Team
Information Technology
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&T Integration and Test

V&V Independent Validation and Verification

KDP Key Decision Point

KPMP Key Projed ManagementPractices

KSC Kennedy Space Center

LLIL Limited Life ItemsList

LRR Launch ReadinessReview

MCR Mission Corcept Review MDR
Mission Definition Revew

MFRR Mission Flight ReadinessReview

MOR Mission OperationsReview

MCDR Mission Crtical Design Review

MOA Memarandum of Agreement

MOU Memaandum of Urderstanding

MPDR Mission Preliminary Design Review

MPER Mission Pre-Environnental Review

MSPSP Mission SystemPrelaunch Safety Padkage

MSRR Mission SystemRequirementsReview

NASA National Aeronautics andSpace Administration

NISN NASA Integrated Services Network

NIST National Insitute of Science and Technology

NPR NASA Procedural Requirement

OCE Office of the Chief Enginee

ORR Operational Readiness Rview

PER Pre-Environmental Review PDR
Preliminary Design Review

PLAR Pog-Launch Assessnent Review

PRA Probabilistic Risk Asgssment

PSA Parts Stress Aralysis

PR Pre-Shipment Review

QA Quality Assuance

RF Radio Frequency

RFA Request for Action

S/IC Spacecaft

SDR Systems [@sign Review

SIR Systemintegration Revew
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S&MA
SH-

SRM
SRP
SRO
SRR
STD
SwW

TBD
TBR
ToR
TRL
TRR
V&V

WBS
WCCA

Safety and Misson Assuance
Single Pant Fallure SRB
StandingReview Board
SystemsReview Manager
SystemsReview Plan
SystemReview Office
SystemRequirementsReview
Stancard

Software

To Be Determined
To-Be-Resolved

Terms of Reference
Tednology ReadinessLevel
Test Readiness Rview
Verification and Validation

Work Breakdown Sructure
Worst CaseCircuit Analysis
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Appendix A: Key Evaluation Factors
Mission Concept Review (MCR)

Thefollowinglist constidates exaluationfadorsfrom NASA best practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the @velopment of misson systems.
Key evaluation factorsmay be tailored to suitthe neads of theindividual project within the Systems
Review Plan (SRP) developed pr therequirements of GPR8700.4,Integrated Independent
Reviews.

Review Process:

MCR-1 A preliminary SystemReview Plan (SRP) hasbeencompleted that defines the mmplete
set of indgpendent reviewsto beconducted throughout the developmentlifegycle of the
mission per the Godlard Procediral Requirement(GPR) 8700.4 Integrated
IndependenReviews.

MCR-2 A preiminary Engineaing PeerReview Plan (EPRP) hasbeen canpletedthat defines
thereview programto becondudedby the project per GPR8700.6, Egineering Peer
Reviews, andheresults of whichto bereported at at the subsquent elementor
mission-level review.

MCR-3 A draft Terms of Reference (ToR) hasbeendevelopedin accordarce with NPR
7120.5Drequremerts defining the charter of the Sanding Review Board (SRB) to be
appanted.

Techical Management:

MCR-4 Mission-level assumptions and canstraints are urderstood, dfined andquantified.

Sdence objectivesare redistical y achieval e within the cantext of the mission.

MCR-5 Preliminary mission and g/stem-level requiremerts are clearly defined, tnambiguous,

andtraceable to sience objediveswith external systems interface requiremerts defined.

MCR-6 Techrology dependedesare dfinedand urderstood. Timely avail alility isressanalde.

Feasible alternative approachesfor critical deperdencieshave beenidertified.
MCR-7 A requirements management approach, including To-Be-Determined(TBD) andTo-Be-
Resolved (TBR) tradkingis defined.

MCR-8 Adequae design marginsfor critical resources(mass, power, datarate, etc.) are

estimated.

MCR-9 Poential partnerships have beeridentified.

MCR-10 Potntial opportunitiesto usecommercial, acalemic, and aher governmentagency

soucesof tecmology have beeridetified.

MCR-11 Techrica plamingis sufficient to proceedto phase A.

Sydem Design and Demonstr ation:

MCR-12 A high level architedure and opeationsconceptisidertified.

A-1



MCR-13 Themission systemelemerts are sufficiently describedto establishmissionfeasibility
(eg., spceaaft, scienceinstruments, launchvehicle, ground opestion system, ground
suppat equipment) andare traceale to and canpatible with preliminary system
requiremens.

MCR-14 Concepual designs have given adeqete considerationto operationd, power gengation
andmanayemen, Electromagnetic Interference andCompatibility (EMI/EMC), Limited
Life Item, cortamination, rad ation tolerance, and thermal ervironmentcorsiderations.

MCR-15 Thepreliminary design philosophyrelative to reli ability considerations and single point
failureshasbeendefinedand reviewedby the gpropriate decision authority.

MCR-16 Ongoing or future design relatedtrade studiesare identifiedand potential impactof
resultsis unarstood. Selection rationde for evaluaing study resutsis defined.

MCR-17 A conceptua systemlevel verification approach is identified.

MCR-18 Engineging modding andandyses have beerincorporatedin the conceptual system
corfiguration where applicale.

MCR-19 Mgjor heritage lemerts hawe beeridertifiedandtheir utilization for the arrent
apgication appearsfeasible and aplicable.

MCR-20 A complete scerario for mission operations as well asdata procesing andandysis that
will satisfy mission djectiveshasbeenidertified.

MCR-21 Launchandearly orbit consderationshave ben canceptualy identified.

MCR-22 Dataflow scerariosexist thatillustrate a data acquisition, processing, andaralysis

sequencethat will satisfy science dojectives.

Safety & Mission Assurance:

MCR-23 Top-level safety related requirements are defined.
MCR-24 Sdety managementappoach hasbeenidentified.
MCR-25 Condderation of safety hazardsandcontrol methodology is addressed.

Pr oj ect Management:

MCR-26 Waiversto NPR 7120.5thathave beergpproved, requested,or are expectedto be
requested, are available for review.

MCR-27 Discussions with the appropriate review authoritieshawe beennitiatedand
commitmerts to develop the System Review Plan, Terms of Reference,and
Engineaing PeerReview Planhave beemmade.

MCR-28 Roles, resporsibilities, andinterfages betweenal participating ingitutionsare defined.

MCR-29 Organization andstaffing plansidentify manpowerestimatesthroughoutthe project
lifegycle.

MCR-30 An assessmentof paotertial infrastructure and wokforce neels versus current plans, as

well asopportunitiesto useinfrastructure and workforcein other governmentagendes,
industry, academia, andnternational organ zaions hes leencompleted.

MCR-31 A preliminary risk managementappoach indudingriskidertification axd miti gation
strategy hasbeenidertifiedandis acceptable.
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MCR-32 Schedile estimatesidentify sutable mission everts and task durationsandare credible.

MCR-33 Concepual aoquisition strategiesfor propcsed major procuremerts have been
identified.

MCR-34 A credible rough cost estimate is providedandis within an @ceptable costrarge.

MCR-35 A draft Integrated Baseli ne hasbeen developedand acumerted.

MCR-36 A high-level Work Breakdown Stucture (WBS) consistent with the NASA stardard

speceflight projectWBS isavail able.
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Appendix B-1: Key Evaluation Factors

Mission System Requir ements and Definition Reviews (M SRR/MDR)

Thefollowinglist constidates exaluationfadorsfrom NASA best practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the @velopment of misson
systems. Ky evaluationfactors may betailored to suitthe needs of theindividual project within
the SystemsReview Plan (SRP) developed @ therequirements oflGPR8700.4,Integrated
Independent Reviews.

Review Process:

MSRR/MDR-1

A SystemReview Plan (SRP) has beenapprovedthat definesthe complete set of
indegpendent reviewsto becondudedthroughoutthe developmentlifecycle ofthe
mission per the Godlard Procediral Requirement(GPR) 8700.4 Integrated
IndependenReviews.

MSRR/MDR-2

An Ergineeing PeerReview Plan (EPRP) has been gprovedthat definesthe
ergineeing peer review programto be condatedby the project per GPR8700.6,
Engineeing PeerReviews, andthe results of which to be reported out at the
subsequent elementor mission-evel review.

MSRR/MDR-3

All MCR (if conducted) RFAs have beertlosed. Any assigned RFAsfrompeer
reviews hae had suitalde disposition and/or have aceptable plans for closure.

MSRR/MDR-4

Recanmendadions and advisariesfrom other project or externad review activity that
are applicable to the subject matter of the MDR have had adquate condderation.

MSRR/MDR-5

Therequiremerts of NPR 7120.5and NPR 7123.1relatedto the development
lifegycle review success criteria andreview piocess rolesandresporsibilitieshave
beencapuredin the SRP.

MSRR/MDR-6

A Terms of Reference(ToR) hasbeenappoved,if required,in accordance with NPR
7120.5spedfiedrequirements defining the dharter of the agoointed Standing Review
Board (SRB).

Techical Management:

MSRR/MDR-7

Project compliancewith GSFC-STD-1 0 0 0 esfioRtliel Design, Developmert,
Verification,and Opration of Flight Systems s presentedand anywaivers,
appopriate to thecurrent project life-cycle phae, have beersulmitted and approved
asnecesary.

MSRR/MDR-8

Sdenceobjectivesare dear, canplete, understood, and describedin terms of
mearingful measuable parametersthat are achievable within the context of the
mission. Sienceassumptionsand corstraints have been appopriately updatedas
required.

MSRR/MDR-9

Sdence objectiveshave keen asessedand appropriately prioritizedto sypport the
identificaion of potential de-scope oppatunitiesthat meetminimum success
requiremens.




MSRR/MDR-10

Mission andsystemlevel requremerts are clearly defined, unanbiguous,and
tracedle to scienceobjediveswith externa systems interface requiremerts having
beendefined.

MSRR/MDR-11  Therequiremerts mangementprocessisfully definedand umlerstood. The project
utilizesan aceptable processfor thealocation, cantrol, andtraceakility of
requiremensthroughoutall levels, including To-Be-Determined/To-Be-Resolved
(TBD/TBR) tracking. (NPR7120.5)

MSRR/MDR-12  Requrements are flowed down to theindegpendent systemelements of the mission
underreview (e g., spaceaaft, science ingruments, launchvehicle, groundoperation
system, ground suppd equipment) and are traceable to and canpatible with baseline
scienceandmissionrequiremerts.

MSRR/MDR-13  Attainable interface requremerts have beeridentifiedbetween indepadent system
elemerts.

MSRR/MDR-14  Approachesto controlling techncd activities (systems engineering, sdtware
development, verification, corfiguration cortrol, etc.) have beerdefined.

MSRR/MDR-15  Approach for usage, corrol, andverification of units of measwementis defined.

MSRR/MDR-16  Longlead pocuremertsfor Phase B have beenidertifiedand approved.

MSRR/MDR-17  Updaes of mgjor risks are idertifiedwith assignedimpactandprobability of

occurence.Acceptable mitigation plansandtrigger everts are cefined. (NPR
7120.D)

Sydem Design and Demonstr ation:

MSRR/MDR-18

A basdline mission concept(including mission de-scope opions) has beensufficiently
developedand acumented. Systemcorfigurations have been dfined with sufficient
deph to indicate that afeasble design appoachhasbeen sdectedandperformance
requiremernts will bemet.

MSRR/MDR-19

Thedesign philosghy relative to reliability considerationsand single paint failures
hasbeen dfinedand aproved bythe appopriate decision authority.

MSRR/MDR-20

Results of requremertstradesare documertedand includerationale for selected
alternatives. Opentrade studiesare idertifiedand ptential impads are understood.

MSRR/MDR-21

Iterations of the design Snce developing theinitial concep, whether tradestudy
inducedor otherwise, is articulatedwith suitable rationale for al changes.

MSRR/MDR-22

Appropriate modding andandytica results (e g., performance reliakility, ec.) are
available and hae been ondderedin the mission design.

MSRR/MDR-23

Concepual design sdutions that minimize dectromagnetic interference (EMI) and
unwanted interaction between spacecraft electronic componerns and/or subsystems
have beergppropriately condderedto ersure € ectromagnetic compdibility (EMC).

MSRR/MDR-24

Techrology dependedesare dfinedand urderstood. Timely avail allity is
reasonable. Workaroundsand assodatedtrigger points are defined.

MSRR/MDR-25

Useof heritage demerts have been derminedwith rationale clearly defined and
corstraints identifi ed. Currentmission requiremerts and thoseof previous
apgication(s) are compatible.
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MSRR/MDR-26

Theinfusion of LessonsLearnedandthe collection of newLessons Learned have been
identified.

MSRR/MDR-27

Adequae design marginsfor critical resources(mass, power, datarate, etc.) are
estimated.

MSRR/MDR-28

Preliminary functional flow diagrams exist. Mission critical fail ureshave been
identified. Redndarties and/or workarourds have been ddinedor acceptability
appoved.

MSRR/MDR-29

A preliminary systems level verifi cation approachhasbeendefinedand acumerted.

MSRR/MDR-30

Updaeddataflow scerariosillustrating a cata acquisition, processing, and aalysis
sequancethat will satisfy science dojectivesare provided.

MSRR/MDR-31

An updaed mission operationsscerario aswell asthedaa procesingandandysis that
will satisfy mission dojjediveshasbeenidentified. Updaedlaunchandearly orbit
opaationsconapts have beenidentified.

Safety & Mission Assurance:

MSRR/MDR-32

Preliminary Mission Assurance Rquiremerts have been dfined (EEE parts and
materials usage, reliahility andyses, quality cortrol, problemreporting, €c.).

MSRR/MDR-33

Sdety requiremerts are definedincluding hazardsidentifi cation and control
methodd ogy.

MSRR/MDR-34

A safety planhasbeenappovedthatidentifiesall requiremerts, plannedail oring
approactles, intendednoncompliances, andschedulesfor al required safety data
submittals. (KPMP)

MSRR/MDR-35 Orbital debris assessmentin acordance with NASA Safety Standard 8719.14,
Guiddines and Assessment Pracedures for Limiting Orbital Debris has been defi ned.
MSRR/MDR-36  Pre-Mishap Planis writtenandrel eased.

Pr oj ect Management:

MSRR/MDR-37 A preliminary project planhasbeen developedthat includesanacceptable plan for
identifyingandmanagingrisks byintroducing possible miti gation strategies. (NPR
7120.D)

MSRR/MDR-38  Appropriate processesand metricsare in placeto trackand catrol cost, schedile,and
techical adivitiesthroughouttheremaininglife-cycle.

MSRR/MDR-39  Roles, resporsihilities, andinterfaces betweenall participatinginditutionsare clearly
defined.Organization charts and staffing plans ddli neate functional responsibilities and
relationships.

MSRR/MDR-40  Project flow hasbeensuficiently well definedto determinetherequiredddlivery daes
and gantitiesof hardware andsoftware items.

MSRR/MDR-41  PhaseA work agreemens have beerpreparedandfinadized.

MSRR/MDR-42  Thepreiminay requiremens for non-budgetedresources(facilities, capta

egupmert, etc.) are defined and @emed adeqete. The availakility of suchresources
hasbeenidentified andis sufficientto complete thedevelopmentadivities. (NPR
7120.D)
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MSRR/MDR-43

A preliminary Integrated Baselinefor the formulation phase including project master
schedule (with critical path andschedule resene for Phase B) andgrass-roots estimate
atthetask/work padkage level, with anydevelopmentwork to be onductedduring
formulationisidentified.

MSRR/MDR-44  Theproject's preliminary Integrated Baelineis corsistentwith the NASA stardard
spaceflight projectWBS and hasan ascciatedWBS dictionary.

MSRR/MDR-45  Theproject's preliminary integrated master schedule, preliminary life-cycle cat
estimate, wokforce estimates, andtechnica baseline/mission cacept, are dl
corsistentwith the programrequiremertslevied ontheprojed.

MSRR/MDR-46  Appropriately detailed schedulesshowredlistic event timesaswell asappropriate
fundeddackandare compatible with approvedlaunch dates.

MSRR/MDR-47  Thepreliminary life-cycle costestimate is based on the project's techical
basdine/mission wncept and reliminary integrated master schedule and wsesthe
latest availalde full-cost accourtinginitiative guidanceand pactices.

MSRR/MDR-48  Thepreliminary life-cycle costestimate includes reserves, dong with thelevel of
corfidence estimate provided bythereservesbased ona cat-riskandysis.

MSRR/MDR-49  Thelife-cycle cat estimate istime-phased byGovernmentFiscal Year (GFY) to WBS
Level 2.

MSRR/MDR-50  All expected,requested,and appoved waivesto NPR7120.5have beenassessed
forimpad.

MSRR/MDR-51 A preliminary busness case aralysisfor eachproposed project real property
infrastructure investmentcongstent with apgdicale drectivesand requremerts has
beenconducted.

MSRR/MDR-52  Thedevelopmentof MOUS/MOASs with externa partners hasbeeninitiated.

MSRR/MDR-53  Exportcontrolledtechical daathat will be ptentially providedto foreign patners
hasbeenidentified andthe developmentof an Exprt Control Planhasbeeninitiated
asrequired.

MSRR/MDR-54  Appropriate environmertal impactassessmerts and control activitieshave been

defined
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Appendix B-2: Key Evaluation Factors

Flight Element System Requir ements and Definition Reviews (SRREDR)

Thefollowinglist constidates exdluationfadorsfrom NASA lest practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the @velopment of sgedfic flight
elementsincluding spacecraft, instruments,and aher operational systems. Key evaluation
factors may be tailored to suittheneals of theindividual project within the SystemsReview Plan
(SRP) developed p@r therequirements ofGPR8700.4,Integrated Independent Reviews.

Review Process:

SRR/SDR-1

A SystemReview Plan(SRP) has beenapprovedthat definesthe complete set of
indegpendet reviewsto becondudedthroughoutthe developmentlifecycle of the
mission per the Godlard Procediral Requirement (GPR) 8700.4 Integrated
IndependenReviews.

SRR/SDR-2

An Ergineaing PeerReview Plan (EPRP) has keen gprovedthat definesthe
ergineeing peer review programto be condatedby the poject per GPR8700.6,
Engineaing PeerReviews, theresults ofwhich to bereported aut at the subsequent
elementor mission-level review.

SRR/SDR-3

All RFAs writtenagaing previousreviews hae beenrespordedto bythe project and
closed bytheresporsible review panelmembersewing asthe author or spansorof the
RFA.

SRR/SDR-4

Recanmenddions and advisariesfrom other project or externa review activity that are
apgicable to the subject matter of the DR have hadadequde mnsderation.

Techical Management:

SRR/SDR-1

Project compliancewith GSFC-STD-1 0 0 0 esfioRtliel Design, Developmert,
Verification,and Ogration of Flight Systems s presentedand anywaivers,
appopriate to thecurrent project life-cycle phae, have beersulmitted and aproved
asnecesary.

SRR/SDR-2

Therequiremerts manajementprocess is fully definedand umlerstood. The project
utilizesan aceptable processfor thedlocation, cantrol, andtraceallity of
requirements throughoutall levels, including To-Be-Determined/To-Be-Resolved
(TBD/TBR) tracking.

SRR/SDR-3

System-level requiremerts (functiond and performance)are clear, complete,
unambiguous,and described in terms of mearingful measirable parameters achievable
within the context of the @erational parameters. System requremerts have beerraced
to top-level objectivesandexterna systems interfacerequiremerts clearly defined.
Assumptionsand ondraints have beeridentified.

SRR/SDR-4

Requremerts are fl owed down to the primary sub-systems of the systemelement
underreview (eg., dectrical, power, structures, sdtware, GN&C, C&DH, propusion,
optics, thermal, instrumentsensa, etc.) or lower andare tracealde to andcompdible
with baseli ne requiremerts. Attainable interface requremerts have beeridentified
between indepadent sub-systems.

SRR/SDR-5

Adequae design marginsfor critical resources(mass, power, datarate, etc.) have been
estimated.
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SRR/SDR-6

A preliminary systems level verifi cation approachhasbeendefinedand dcumented.

SRR/SDR-7 Approach for usage, cortrol, andverification of units of measuementis d=fined.

SRR/SDR-8 List of long-lead pocuremerts plannedfor Phase B has beenprepared and approved.

SRR/SDR-9 Approachesto controlling techrica activities (risk, systems engineging, sdftware
development, verification, corfiguration cortrol, etc.) have beeridentified with
documentdevel opmentinitiated.

SRR/SDR-10 Magjor risks have beenidentified and/or updated with impactand pobébility of

occurence assessed. Assodated miti gation plans and trigger everts have beerdefined
with suitable rationale.

Sydem Design and Demonstr ation:

SRR/SDR-1 A conaptua systemcorfiguration hasbeendefinedwith sufficient depth to indicate a
feasible design approach hes keenselectedandfunctional and performance
requiremerts will bemet.

SRR/SDR-2 Iterations of the design Snce developing theinitial concef, whether tradestudy
inducedor otherwise, are articulatedwith suitable rationde for all charges.

SRR/SDR-3 Thedesign phHlosghy relative to reliability considerationsand single point failures has
beendefinedand gprovedby the apropriate dedsion authority.

SRR/SDR-4 Appropriate modding andandytical results (e g., performance reliallity, etc.) have
beendevelopedandappropriately corsideredin the cncepual mission design.

SRR/SDR-5 Concepual design sdutions that minimize dectromagnetic interference(EMI) and
unwanted interaction between dectronic componerts and/or sthsystems have been
appopriately corsideredto ensure electromagnetic compaibility (EMC).

SRR/SDR-6 Results of requiremenstradesare documentedandincluderationale for selected
alternatives. Opentrade studiesare idertifiedand mtential impads are understood.

SRR/SDR-7 Techrology dependedesare definedand urderstood. Timely availatlity is
ressoneble. Workaroundsand assodatedtrigger points are defined.

SRR/SDR-8 Useof magjor heitage elements have beerassessed with rationale dearly definedand
corstraints identifi ed. Currentmission requiremerts and thoseof previous
apgication(s) appear compaible.

SRR/SDR-9 Theinfusion of LessonsLearnedandthe collection of newLessons Learned haie been
identified.

SRR/SDR-10 Preliminary functional flow diagrams exist. Mission critical fail ureshave been

identified. Redndarties and/or workarourds have been ddinedor acceptability
appoved.

Safety & Mission Assurance:

SRR/SDR-1 Sdety requiremerts are cefinedincluding hazardsidentification and control
methodd ogy.
SRR/SDR-2 Preliminary Mission Assurance Rquiremerts have keen dfined (EEE parts and

materials usage, reliakility andyses, quality cortrol, problemreporting, €c.).
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SRR/SDR-3

Sdety Plan and aher S& MA Plansare written and approvedthat defineroles,
responshilities, and sopeof S&MA activities.

Pr oj ect Management:

SRR/SDR-1 Roles, resporsibilities, andinterfages betweenal participatingingitutions are clearly
defined.Organization dharts and staffing plans celi neate functiond responsibilitiesand
relationghips.

SRR/SDR-2 A basdline risk manayement approach including riskidertification andmitigation
strategy is defined and approved, and habeen implemerted.

SRR/SDR-3 Project flow hasbeensuficiently well definedto determinetherequireddelivery dates
and guntitiesof hardware andsoftware items and siypport detailed schedule
developmert.

SRR/SDR-4 PhaseA work agreamerts have beemreparedandfinaized.

SRR/SDR-5 Thepreliminary requirements for non-budgetedresources(facilities, capital equipmert,
etc.) are cefinedand deemed adeqate. Theavail ability of such resources has been
identified ands suficientto canplete the developmentactivities.

SRR/SDR-6 Appropriate environmertal impactassessmerts and control activitieshave been

initiated.
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Appendix B-3: Key Evaluation Factors

Ground Segment Requir ements and Definition Reviews (GSRR/GSDR)

Thefollowinglist constidates exdluationfadorsfrom NASA lest practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the évelopment of ground
segmentsystemsKey evaluation fadors may be tailored to suitthe reedsof the indivdual
project within the Systems Review Plan (SRP) developed per therequirements ofGPR 8700.4,
Integrated Independent Reviews.

Review Process:
GSRR/GSDR-1

A SystemReview Plan (SRP) has beenapprovedthat defi nesthe complete set of
independent reviewsto becondudedthroughoutthe developmentlifecycle ofthe
mission per the Godlard Procediral Requirement(GPR) 8700.4 Integrated
IndependenReviews.

GSRR/GSDR-2

An Ergineaing PeerReview Plan (EPRP) has keen aprovedthat definesthe
erngineeing peer review programto be condatedby the goject per GPR8700.6,
Engineging PeerReviews, theresults ofwhich to bereported ait at the subsequent
elementor mission-level review.

GSRR/GSDR-3

All RFAs writtenagaingt previousreviews hae beenrespordedto bythe project and
closed bytheresporsible review panelmemberseving asthe aithor or spansorof the
RFA.

GSRR/GSDR-4

Recanmendadions fromother projector external review adivity that is applicable to
the subject matter of the GSDR have been dequetely implemerted.

Techical Management:

GSRR/GSDR-1

Project compliancewith GSFC-STD-1 0 0 0 esfioRtlelDesign, Developmert,
Verification,and Opration of Flight Systems s presentedand anywaivers,
appropriate to thecurrent project life-cycle phae, have beersubmitted and agproved
asnecesary.

GSRR/GSDR-2

Current status of compliance with NASA Software Engineging Requremeris (NPR
7150.2)refleds adequete progress of activities to dae and satisfactory plansfor future
adivities. Plans arein paceto submit anyrequired waivers /deviations.

GSRR/GSDR-4

Therequiremerts manajementprocess is fully definedand umlerstood. The project
utilizesan aceptable processfor theallocation, cantrol, andtraceahlity of
requirements throughoutall levels,including To-Be-Determined/To-Be-Resolved
(TBD/TBR) tracking.

GSRR/GSDR-5

Groundsegmentrequiremerts are fully linkedto mission requirements and are
functionaly allocatedin amannerthat permits tracedility andthe creation of
verification matrixes.

GSRR/GSDR-6

Groundsegmentrequiremerts are clearly andfull y tracedl e to mission operations
objectives.

GSRR/GSDR-7

Interfacerequirements with the space segmentare clearly definedandfully undestood
for al mission phases.
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GSRR/GSDR-3

Thefollowingtedhnical manayementdocunentationis avail able atthe properlevel of
meaturity:

Draft Ground SegmentProductPlan (Ref: ISD Software Manayement Plan/Product
Plan Template 380-TM-033-01)

Draft Configuration ManagementPlan (may be canbined wth Ground Sgment
Prodict Plan)

Draft Sditware Asarrance Plan (may be canbined wih GroundSegmentProduct Plan
or Flight Sditware Quality AssurancePlan)

Draft Ground SgmentRequremerts Documert/Detailed Mission Requirements
Draft Ground Segment Interface Requiremerts Document(may be canbined wih
GSRD)

Draft OperationsConcept Document

Fina Mission Threat Assessment

Initial IT Risk AssessmentRepat

Initial IT Security Plan of Actions and Milestone Daument

Initi al Interconnection Security Agreamerts

Initi al Security Self-Assessment

GSRR/IGSDR-4  Attainable interface requremerts have beeridentifiedbetween eachindependent
ground ggmentelemernt.

GSRR/GSDR-5  Attainable requiremerts are flowed dowvn to eechindgpendent ground segmentelement
(eg. mission qoerationscenter, ground retwork, instrumentopeationscernter, data
processing system) or below and ae traceable to and compatible with systemlevel
requiremerts.

GSRR/GSDR-6  Results of requremerts tradesare documentedand includerationale for selected
aternatives. Opentrade studiesare idertifiedand mtential impads are understood.

GSRR/IGSDR-7  Approachesto controlling technica activities (systems engineering, sdftware
development, verification, corfiguration control, etc.) have beerdefined.

GSRR/GSDR-8  Project flow hasbeensuficiently well definedto determinetherequiredddlivery dates
and guantitiesof hardware andsoftware items.

GSRR/GSDR-9  Approach to usage, cantrol, andverification of units of measirementis definedand
documented.

GSRR/GSDR-10 A preliminary systems level verifi cation approachhasbeendefinedand acumented.

GSRR/GSDR-11 Magjor groundsegmentrisks are defi ned with impactand probakility of occurrence.

Accepale mitigation plans and trigger everts are defined.

Sydem Design and Demonstr ation:

GSRR/GSDR-1  Concepual systemcorfigurationis definedwith suficient depth to indicate thata
feasible design approach hes keensdectedandrequirements will be met.

GSRR/IGSDR-2  Magjor constraints associated with flight (including the spacecraft, instrumenrt, and
laurch vehicle elements) have beerfully accommodaed wihin the gerationsconcept
andreflectedin the groundsegmentsupport requiremerts.

GSRRGSDR-3  Preliminary functional flow diagrams exist. Mission critical failureshave been

identified. Thedesign phlosophyrelative to redundarcies, systembadups,and/or
workaroundshasbeenidertified, docunented, andapproved bythe apropriate
dedsionauthority.
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GSRR/GSDR-4

Theinfusion of LessonsLearnedandthe collection of newLessons Learned hare been
identified.

GSRR/GSDR-5  An updaedmission operationsscerario including daa processing and analysis to
satisfy mission objectiveshave beendentified. Launch and erly orbit operations
concepts have beeridentified.

GSRR/GSDR-6 lIterations of the design Snce developingtheinitial concegt, whether tradestudy
induced or otherwise, are articulatedwith suitable rationde for al charges.

GSRR/GSDR-7  Appropriate moddingandaralytica results (e g., performance reliablity, ec.) are
avail able and hae been mngderedin themission design.

GSRR/GSDR-8  Resullts of requremerts tradesare documertedandincluderationale for selected
aternatives. Opentrade studiesare idertifiedand mtential impads are understood.

GSRR/GSDR-9  Techmology dependedesare cfinedand urderstood. Timely avail akility is
reasonable. Workaroundsand assodatedtrigger points are defined.

GSRR/GSDR-10 Useof heritage demerts have been eterminedwith rationale clearly defined ad
corstraints identified. Currentmission requiremens and thoseof previous
apgication(s) are compatible.

GSRR/GSDR-11 Adequée design marginsfor critical resources(data rate, memory, €c.) are estimated.

GSRR/GSDR-12 Updaeddataflow scereriosillustrating a data acquisition, processing, and aalysis

sequencethat will satisfy science dojectivesare provided.

Safety & Mission Assurance:

GSRR/IGSDR-1  Sdety requiremerts are definedincluding hazardsidentifi cation and control
methodd ogy.

GSRR/IGSDR-2  Definitions oftop-level seaurity requiremerts have been canpletedwith referencesto
existing security plansandproceduresof ingtitutional ground ggmentelements

GSRR/GSDR-3  Groundsegmenteemerts definedfor mission support shodd have IT security
requiremenstraccalde to GSFC/NASA/NIST security standards.

GSRR/IGSDR-4  Mission ThreatAssessmentand NST Secuity Categorization have ben canpleted

GSRR/GSDR-5  Software Assuranceplanning, induding problemreporting, isin canpliancewith
appicable pdicy, camplete, and aproved.

GSRR/GSDR-6  IndependenValidation and Verificaion (IV&V) activities have keen dfinedand are
on <hedde.

GSRR/GSDR-7  Preliminay Mission Assurance Rquiremerts have been dfined (COTS camponerts

and aplications, EEEparts, reliability andyses, quality cortrol, problemrepating,
etc.).

Pr o ect Management:

GSRR/GSDR-1 A basdline risk manayement approach including riskidertification andmitigation
strategy is cefined and agproved,and hadeen implemented.
GSRR/IGSDR-2  Staffing plansdelineate adequéae assignmentof currentandfuture staff.
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GSRR/GSDR-3

Roles, resporsibilities, andinterfaces betweenadl participatingingitutionsand
organizationsare clealy defined. The ground segmentdevel opmentorganizaion chart
clearly delineatesfunctiona respansibilities and relationsh ps including software
tean(s) andWBS elements.

GSRR/GSDR-4

Appropriate processesand metricsare in placeto trackand catrol cost, schedile,and
techical adivitiesthroughouttheremaininglife cycle.

GSRR/GSDR-5

Developmentschedules have been dfinedfor all developmentactivities and show key
receivables, dHiveraldes, and de@nderties. Thescheduleshave been integratedwith
identified operational activities and appropriately rolled-up into the project master
schedile.

GSRR/GSDR-6

Schedlesare appropriately detailed showing realistic eventtimesaswell asacepabe
fundeddackandare compatible with apgroved groundsegmerts readiness and launch
dates.

GSRR/GSDR-7

Measures of success for the mission are defined.K ey mission objectivesprovide
measual e requiremerts such asdata canpleteness, pinting acaracy anddata
volume perday.

GSRR/GSDR-8

PhaseA work agreamerts have beemreparedandfinaized.

GSRR/GSDR-9

The preliminary requiremerts for non-budgeted resources(facilities, captal
eqguipment, etc.) are defined and @emed adeqete. The availallity of suchresources
hasbeenidentified andis sufficientto complete thedevelopmentadivities.

GSRR/GSDR-10

Appropriate environmertal impactassessmerts and control activitieshave been
initiated.
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Appendix C-1: Key Evaluation Factors
Mission Preliminary Design Review (M PDR)

Thefollowinglist constidates exaluationfadorsfrom NASA best practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the @velopment of misson
systems. Ky evaluationfactors may betailored to suitthe neals of theindividual project within
the SystemsReview Plan (SRP) developed pr therequirements oflGPR8700.4,Integrated
Independent Reviews.

Rewview Process:

MPDR-1

Planning and pesentation of information at critical mission and major element

mil estone reviews have been rigorous; peer review results have been includedin
briefings; review siccesscriteria have been alequately met; closeaut of al review
adionshasbeentimely andthorough. (KPMP)

MPDR-2

A comprehensve set of Engineeing PeerReviews(EPR) hasbeenplannedand
condwtedon apropriate hardware and oftware el ements pertherequiremerts of
GPR8700.6.The EPRresuts andactions have besn documerted and canmunicatedto
the ProjectManager, the Integrated Indeendent Review Team, andthe Standing
Review Board (SRB). (KPMP)

MPDR-3

Additional peerreviewshawe beeridertifiedasnecessary and ajpropriately plamed.

MPDR-4

All RFAs writtenagaingt previousreviews hae beenrespordedto bythe project and
closedby theresporsible review panelmemberseving asthe aithor or spansorof the
RFA.

MPDR-5

Recanmenddions and advisariesfrom other project or external review activity that are
apgicable to the subject matter of the FDR have hadadequde mnsgderation.

MPDR-6

Therequirements of NPR7120.5and NPR 7123.1relatedto the development

lifegycle review success criteria andreview piocess rolesandresporsibilitieshave
beencapuredin theapproved §stems Review Plan (SRP) per GPR8700.4,Integrated
IndependenReviews.

MPDR-7

A Terms of Reference (ToR) hasbeenappoved,if required,in accordance with NPR
7120.5Dspedfiedrequiremerts definingthe charter of the appointed SRB.

Techical Management:

MPDR-1 Updaesto project compliancewith GSFC-STD-1 0 0 0 esfioRtlelDesign,
Developmen, Verification,and Ogration of Flight Systems dave ben presentedand
anywaivers, appropriate to the current project life-cycle phae, hare beensubmitted
and ajproved asnecessary.

MPDR-2 Requremerts chargessince the MSRRMDR andassodatedrationde have been

properly documertedwith flow-down updaedasrequired.
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MPDR-3

Physicalandandytic integration activitiesfor all hardware and oftware elemerts of
themission, including ground egipmentandthelawunch velicle, have keensufficiertly
plamed. Testadivitieshave beerdocumented,including validaion, calibration, and
opaationscompaibility teding, asapfdicalde. Documented plans and proceduresto
appopriately assess discrepandesand canfirm adequate closeout have beendeveloped.
(KPMP)

MPDR-4

Draft integrated PayloadLaunchV ehicle activity flow hasbeen dfined.

MPDR-5

Preliminary Interface Cortrol Documerts (ICDs) with externa systems, as wdl as
between systemelemerts, have been copleted. To-Be-Determined(TBD) andTo-Be-
Resolved (TBR) items are clearly identifiedwith acceptabl e plansandschedul es
existingfor their disposition.

MPDR-6

Verification andvalidaion adivities(araysis, ingpection, andest) assodated with
sdtware andhardware elemerts at all levels of assembly have beersufficiently
plamed. The proposed trending andyses for key parameters have keen dfined. Total
andfailure-freeruntime requremerts of primary andredurdantelemerts have been
ddfinedand cdemed adeqete. (KPMP)

MPDR-7

A preliminary requirements verification pan ists with provisionsfor referercing
documentedresults for each requiremert, including the canpdibility of units of
measuementasapplicable.

MPDR-8

Draft environmertal verification dansfor componerts, primary systems, elemerts, and
theadll-up obrvatory have beendevelopedwith applicalle risks identified.

MPDR-9

Sdence and mission operationsconcepts are suitally defined and operations
corsiderationshave been adequately planred. A conceptua mission timeline,from
laurch through dispasal, exists and defines corredive actionsneedd for mission
everts thatfail to occur asplamed. Theidertification of contingencyand energency
adionsrequiredof the goerationsteamhasbeeninitiatedin support of future
simulation activities. (KPMP)

MPDR-10

Edimates of critical resource margins(i.e.,mass, paver, deltaVV, Computer Processor
Unit (CPU) throughputandmemory, ec.) have ben delineated based on dsign
maturity. Suficient marginsexist based onapplicable stardards. Rsk miti gation
strategies are definedfor marginsfalling bd ow applicable guidelinesor best practices.

MPDR-11

Theprojected impads on systemperformance(mass, power, software andother
resources) areidertifiedfor the potential de-scopesidentifiedto miti gate therisks of
unforeseenfuture events.

MPDR-12

Longleaditems and their acquisition planshave beeridentified. Anyfabrication
neededrior to Critical Desgn Review (CDR) hasbeen identified.

MPDR-13

Equipmentandfacilitiesfor the deselopmentandtest of hardware andsdtware have
beenidentified. Facilities are availade andjf needed, utili zation agreeameris arein
work.

MPDR-14

Up-to-dae risk assessmerts with sutably definedmiti gation Strategies are available.
All significant risks, problems, and openitems areidertified andtraded (including
developmentandflight performancereateditems). Risk miti gation plansare
appopriate andcredible.

MPDR-15

Potential LaunchVehicle relatedriskitems are identified.
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MPDR-16

Draft plansare defined for launchsite activities, launch & ealy orbit operations
including plamingfor theinvolvementandtraining of laurch site andof mission
opeaationsteams.

MPDR-17

Keytechrological developmertal items demongrate aTechrological ReadinessLevel
(TRL) 6 maturity.

Sydem Design and Demonstr ation:

MPDR-1

Preliminary flight andground s/stem performance atimatesindicate amission design
expected to meetthe requirements within the resource alocation. Science andmission
opeaationsconapts are suitady definedandmature for this pteseof developmernt.

MPDR-2

Comprehensve cfinitions ofthe fli ght andgroundsegmentdesignsfromthecritical
componentandmission element-level have beerdeveloped.Materias presented on the
primary elemerts of the mission includingthe observatory, ground ystems, and
opeaationsconapt are suficiently mature and provide demondrated evidenceof an
accetable design sdution.

MPDR-3

Results of trade studiesare avdl able andtherationale for the selected dternativesis
defined.All remaining trade studies to becompletedare identifiedand potential
impads are understood.

MPDR-4

Design corceptchargessincethe last major mission-level review have been
appopriately docunentedwith suitable rationale providedandsystems impads
identified andassessed.

MPDR-5

Lessons leanedhave beerappropriately researched and adated. (KPMP)

MPDR-6

Appropriate modding andandytica results (e g., performance reliallity, etc.) are
available and hae been ondderedin the mission design.

MPDR-7

Heritage designs have been suitably assessed for applicahility. Necessary design

modifi cations, chargesin expeded @erating ervironment, and operational differences,
have beergppropriately analyzed andor tested.Mission requiremerts have keen
demondratedto becompatible with previousapplicaions (including radation and
thermal environmert, mission life-time, reliability andparts de-rating). Qudification
and &ceptarce test planshave beerfully described. Parts lists have beersuitably
assessedfor availability.

MPDR-8

Preliminary aralyses ofthe primary sub-systems (e g., dectrical, power, structures,
GN&C, C&DH, sdtware, propulsion, gotics, thermal, instrumentsersor, etc.) have
beencompleted andsummarized highli ghting performance ad design margin
chdlenges. Design risks have been kearly ddineated and properly factored into the
riskmanaementstrategiesof the project.

MPDR-9

Proper groundng architedure hasbeen denondratedthatminimizeselectromagnetic
interference(EMI) and unwartedinteraction betweenvariousspaceaaft el ectronic
componers and/or subsystems to ersure electromagnetic compatibility (EMC).

MPDR-10

Preliminary aralyses oflimited life items are complete for theexpected lifetime dus
margins.

MPDR-11

Coupedloadsandysis has beeninitiated with potentia riskappopriately idertified.

MPDR-12

Preliminary aralyses ofthe radation protection requirements are compl eted.
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MPDR-13

Contaminaionrequirements and preliminary control plansare defined.

MPDR-14

Software naminal operating scenarioshave beeridentified,alongwith fault detection,
isolation,andrecovery strategies. Preliminary plans for Independeny erifi cation and
Vdidation (IV&V) have been developed. Initial software performance atimates have
beenassessed asacaptable.

MPDR-15

Approachesfor thequalification, proto-fli ght, andacceptarnce testing of theapgdicade
flight andgroundelements have beerdefinedasrequiredincluding anyspecia teg
requiremens.

MPDR-16

Interleaving of ervironmertal andfunctiona testflow hasbeen dfined.

MPDR-17

Data flow scerariosillustrating a data acquisition, processing, and aalysis sequence
that satisfy science dojectiveshave been govided.

MPDR-18

Payload-driven, LaunchVehicle first flight andmission urique items have been
identified andhe missionimpli cationsare understood.

MPDR-19

Preliminary identification of all mechaical andeledrical Ground Sippat Equipment
(GSE) has keen canpleted,includinglaurch dte andmission operations wnigque ground
systems.

MPDR-20

Theoverall systems design is producible.

Safety & Mission Assurance:

MPDR-1

Peasonnd, facility, launch range, andmission safety have beergiven sufficient
corsideration. Safety doaumertation hasbeenappoved agequired.(KPMP)

MPDR-2

Theplanringand excution of the Mission Assurance Requiremerts, including; qudity
assurarnce, EEEparts, materials considerations, safety, reliability, workmarship
standards, and software assurarce (i.e.,IV&V) have been sifficiently rigorous.

MPDR-3

A comprehensve, closed-loop problemreporting andcorrective action systemhas
beenimplemented. (KPMP)

MPDR-4

Pats sdlection, de-rating, screening andqudificationtest criteriaare defined.

MPDR-5

A safety planhasbeenappovedthatidertifiesall requiremerts, plannedail oring
appoactes, intendednoncompliances, andschedulesfor al required safety data
submittals. (KPMP)

MPDR-6

Preliminary hazards, controls, and verificaion methods have beeridentified and
docunenedin aPreliminary Hazard Andysis thathasbeenapproved. All opensdety
issueshave beeridentifiedwith acceptable plansfor resdution. MSPSRs planned for
ddivery prior to KDP C.

MPDR-7

Initial reliability andyses and assessmerts are canplete, asappopriate, induding Faut
TreeAnalysis (FTA), Probahlistic Risk Assessment(PRA), Falure ModesandEffects
Andysis (FMEA), Single Point Failure (SPF) Assessmert, and Worst Case drcuit
Andysis (WCCA). Applicable results have been gpropriately factoredinto thedesign.
Single point fail ures, whee retained, have reasonadle suppatingrationae. (KPMP)

MPDR-8

Pats Sress Aralysis (PSA) requiremerts have been defined.

MPDR-9

Preliminary production planning andprocesscontrols (including strategy for
cortrol/verificaion of units of measuemen) have ben identified.
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MPDR-10

Plansfor flowing S& MA reguremertsto sitbcontractors and sippliers have keen
defined.

MPDR-11

Preliminary Orbital Delris AssessmentReport is complete. Potentia tradeshave been
determined. Eml-of-lif e requiremens anddesign acommodaionsare urderstood.
Closed loopfeedlack of GIDEP Alert Dispostion hes beenprovidedto the Alert
Coordinator.

MPDR-12

Mishap/contingencyplanis baselined.Mission Assuranceplanis baselined.

Project Management:

MPDR-1 Appropriate processesand metricsare in placeto trackand catrol cost, schedile,and
techical adivitiesthroughouttheremaininglife-cycle.

MPDR-2 Suitale processes have been plannedand implementedfor managing: requiremerts,
systems engineeing, risk, corigured aticles, documentation, technical records,
andyses, workmarship, and verification processes. (KPMP)

MPDR-3 Organization andstaffing plansddinesate dear respangbilitiesand alequete
assignmentof current andfuture staff. A suitalde andworkalle orgarizational structure
isin pacethat facilitates clearand goen canmunicdion (internally andexternaly).
(KPMP)

MPDR-4 Thecurrent and danred number, capaility, andthe experierce levels of the paople
assignedare sufficiernt. (KPMP)

MPDR-5 De-scope panshave beercompleted and the assaciated trigger points identified to
miti gate programmatic risks to theextentpossible. Resultingbudgetandschedue
impads fromtheidentifi ed de-scope opionshave beerestimated and assessed.

MPDR-6 Appropriately detailed schedulesshowredlistic event timesaswell asappropriate
fundeddackandare compatible with appoved mil estone chites.

MPDR-7 Schedle addresses all Payload and_aurch Vehicle inter-related activities.

MPDR-8 Cog-to-complete hasadejuate spending profilesandreserves, and is compatible with
alocations.

MPDR-9 Waiversto NPR 7120.5thathave beerspproved,requested,or are expectedto be
requested wee presented and assessed as acceptable.

MPDR-10 An Integrated Basdline has beencompletedfor the developmentphase, including:

projectWork Bregkdown Stucture (WBS), resouce-loadedmaster schedile (with
critical path andschedule reserve for Phase C/D) and grass-roats estimate atthe
task/work padage level with basis of estimates, asdeamed accefable to proceed.
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Appendix C-2: Key Evaluation Factors
Flight Element Preliminary Design Review (PDR)

Thefollowinglist constidates exdluationfadorsfrom NASA lest practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the @velopment of sgedfic flight

elementsincludi

ng spacecraft, instruments,and aher operational systems. Key evaluation

factors may be tailored to suittheneals of theindividual project within the SystemsReview Plan
(SRP) developed p@r therequirements ofGPR8700.4,Integrated Independent Reviews.

Review Process:

PDR-1

acions hadeentimdy andthorough.

Planring and preerntation of information atcritical misson and major lement
mil estonereviews lave beemnrigorous; peereview resuts have beerindudedin
briefings; revew success tteria have been adequely me; closeoutof all review

PDR-2

Thereview hasheen conduedin accadancewith the appoved Sysem Revew

specifiedin the Godded Procedural Requement(GPR)8700.4, Itegated

Plan(SRP) that dehes thesuccess aiteria andreview process requremerns as

IndependenReviews.

PDR-3

A comprehensive set of Engineering Peer Reviews (EPR) has been phadned
conducted on appropriate hardware and software elements per the requireme
GPR 8700.6. The EPR results and actions have been documented and
communicated to the Project Manager, and the Goddard Systems Review Te
(GSRT).

PDR-4

Additionalpeerreviews have beerdenified amecessyy and appopriately

planned.

PDR-5

All RFAs written against previous reviews have been responded to by the pro|
and closed by the responsible review panel member serving as the author or
of the

RFA.

PDR-6

are appkabe to the sulpectmater of the PDR have had adequate considenat

Recommend#onsand advisoiesfrom aherproject or eternalreview adivity that

Techical Management:

PDR-1

and anywaivers, appropriate to the current project life-cycle phae, hare been
submitted and aproved ashecessary.

Updaesto project compliancewith GSFC-STD-1 0 0 0 esfioRtielDesign,
Development, Verification,and Ogration of Flight Systems &ave ben presented

PDR-2

Requremerts chargessince the SRR/SDR, if applicable, and asscciatedrationale
have beerproperly documerted with flow-down updaed asecquired.

PDR-3

Physicalandandytic integration ativitiesfor all hardware and software elemerts
of thesystem, induding ground equpment (if applicable), have beersufficiently
planned.Testadivitieshave beerdocumented,induding validation, calibration,
and @erations canpdibility testing. Documented gdans and proceduresto
appropriately assess dscreparciesand onfirm adequate closeout have been
developed.

PDR-4

Preliminary Interface Cortrol Documerts (ICDs) with external systems, as wdl as
between systemelemerts, have been copleted. To-Be-Determined(TBD) and
To-Be- Resolved (TBR) items are clearly identified with acceptable plansand
schedules existing for their disposition.
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PDR-5

Verificationandvaidaionadivities(analysis, ingpection, andest) assodated with
sdtware andhardware elemerts at all levels of assembly have beersufficiently
plamed. The proposed trending andyses for key parameters have keen dfined. Total
andfailure-freeruntime requremerts of primary andredurdantelemerts have been
definedand deemed adeqate.

PDR-6

A preliminary verification planexists with provisions for referencing documerted
results for eachrequiremert, including the compatibility of units of measirement
where applicable.

PDR-7

Draft environmertal verification dansfor the grimary systemand its componerns have
beendevelopedwith applicabe risks identified.

PDR-8

Edimates of critical resource margins(i.e.,mass, paver, deltaV, Computer Processor
Unit (CPU) throughputandmemory, etc.) have been delineated based on aesign
maturity. Suficient marginsexist based onapplicable stardards. Rsk miti gation
strategies are definedfor marginsfalling bd ow applicable guidelinesor best practices.

PDR-9

Theprojected impads on systemperformance(mass, power, software andother
resources) are idertifiedfor the potential de-scopesidentifiedto miti gate therisks of
unforeseenfuture events.

PDR-10

Longleaditems and their acquisition planshave beeridertified. Anyfabricationitems
neededrior to the plannedCritical Design Review (CDR) have beeridentified.

PDR-11

Equipmentandfacilitiesfor the deselopmentandtest of hardware andsditware have
beenidentified. Facilities are availade andjf needed, utili zation agreemeris arein
work.

PDR-12

Up-to-date risk assessmerts with suitably definedmiti gation strategies are available.
All significant risks, problems, and operitems are idertified andtraded (including
developmentandflight performancerdateditems). Risk mitigation plansare
appopriate andcredible.

Sydem Design and Demonstr ation:

PDR-1

Preliminary performanceestimatesindicate a systemdesign thatis expectedto meet
the performancerequiremerts within theresource dlocaion. Systemdesign corceps
are suitably definedand mature for this phase of developmernt.

PDR-2

Complete andcomprehersive ddinitionsof the systemdesign fromthe boxandcritica
componentievel have been developed.Material s presented on the rimary subsystems
(eg., dectricd, power, structures, GN&C, C&DH, sdtware, propulsion, optics,
thermal, instrumentsensor, etc.) are sufficiently mature and povide denondrated
evidenceof an acceptable design olution.

PDR-3

Results of trade studiesare avail able andtherationale for the selected alternativesis
defined.All remaining trade studies to becompletedare identifiedand potential
impads are understood.

PDR-4

Design corceptchargessincethe last systemrelatedreview have been ppropriately
documented with suitable rationale providedand gystemsimpads identified and
assessed.

PDR-5

Lessansleanedhave beerappopriately researched and adated.
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PDR-6

Heritage designs have been suitably assessed for applicahility. Necessary design

modifi cations, chargesin expeded @erating ervironmert, and ogrational differences,
have beereppropriately analyzed andor tested. System requirements have been
demondratedto becompatible with previousapplicaions (including radation and
thermal environment, life-time, reliability and @rts de-rating). Qualifi cationand
accetancetest plansspecific to heritage designsand componernts have beenfully
described. Rrtslists have been sitably assessed for availahility.

PDR-7

Appropriate systemlevel moddingand analytical resuts (eg., peformance,
reliability, etc.) are available andhave beerconsideredin the elemert/systemdesign.

PDR-8

Preliminary aralyses of the primary sub-systems (e g., dectrical, power, structures,
GN&C, C&DH, sdtware, propulsion, gtics, thermal, instrumentsensor, etc.) have
beencompletedwith suficientdetail to identify performance and diggn margin
chdlenges. Design risks have been tearly ddineated and properly factored into the
riskmanaementstrategiesof the roject.

PDR-9

Preliminary definition of the flight systemeledrical architecture (e.g., block diagrams,
integrated schematics, ICDs, ergineering andyses, and specifications) has been
completed.

PDR-10

Proper groundng architedure hasbeen denondratedthatminimizeselectromagnetic
interference(EMI) and inwartedinteraction betweenvariousspaceaaft eectronic
componerts and/or subsystems to ersure el ectromagnetic compaibility (EMC).

PDR-11

Preliminary aralyses of mechatica loads, stress, fracture control, andtorque margins
have beercompletedanddemondrate acceptable design margins orsuitade design
sdutions.

PDR-12

Preliminary aralyses oflimited lif e items are complete for theexpected lifetime dus
margins.

PDR-13

Thermal environmentpreliminary andyses have beencompleted,including predicted
thermal performance,and demongdrate acceptable design margins orsuitade design
sdutions.

PDR-14

Preliminary aralyses ofthe radation protection requirements have beercompleted,
and denondrate acceptable design margins orsuitable design solutions.

PDR-15

Contamination requiremerts and preliminary control planshave keen dfined.

PDR-16

Preliminary sdftware requremens are idertified,including language, structure, logic
flow, Computer Procesor Unit (CPU) throughputandmemory loadng, re-use, sfety,
andsecurity.

PDR-17

Software naninal operating scenarioshave beeridentified with fault detedion,
isolation, andrecovery strategiespropely mature for PDR.

PDR-18

Software Independnt Verification andVaidation (IV&V) plans have been idertified.

PDR-19

Preliminary sdfitware system performance stimates have been deslopedwith risks
identified.

PDR-20

Software verification strategeshave beerdefined including test environmerts.

PDR-21

Accepalle software design and deelopmentplans have beerdefined includinglines
of code estimates, nunberof buil ds, tools, andprocedures.
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PDR-22 Approachesfor thequalification, proto-fli ght, andacceptarnce testing of theapgdicale
systems have been dfinedasrequiredincluding anyspecial test requirements.

PDR-23 Plansto appropriately interleave ervironmertal andfunctional testflow have been
defined.

PDR-24 Idertifi cation of mechaica andelectrical GroundSupport Equipment (GSE) hasbeen
completed.

PDR-25 Theoveral systems design is prodicible.

Safety & Mission Assurance:

PDR-1

Pesond, facility, andmission safety have beengiven sufficient condderation with
upddesprovidedsincethelast mgjor system-level review. All safety documentation
hasbeengeneaated andapproved agequired.

PDR-2

A safety planhasbeenappovedthat idertifiesall requiremerts, dannedail oring
approacles, intendednon-compliances, andschedulesfor al required safety data
sulmittals.

PDR-3

Preliminary hazards,controls, and verificaion methods have beeridentified and
docunentedin aPreliminaryHazard Andysis thathasbeenapproved. All opensdety
issueshave beeridentifiedwith acceptable plansfor resdution.

PDR-4

Theplanring and execution product assurance requiremerts including; quality
assurarnce, EEEparts, safety, reli ability, materials considerations, workmarship
standards, and Software assurarce (i.e.,IV&V ) have been sifficiently rigorous.

PDR-5

Pats selection, de-rating, screeningandqudificationtest criteriaare defined.

PDR-6

Rad ation tolerarnce requrements have beerdefined.

PDR-7

A comprehensve, closed-loop poblemreporting andcorrective action systemhas
beenimplemented.

PDR-8

Initial reliability andyses and assessments are canplete, asappropriate, induding Faut
TreeAnalysis (FTA), Probahlistic Risk Assessment(PRA), Fdlure ModesandEff ects
Andysis (FMEA), Single Point Failure (SPF) Assessmert, and Worst Case drcuit
Andysis (WCCA). Applicableresults have been gpropriately factoredinto thedesign.
Single point fail ures, whee retained, have reasonable suppatingrationale.

PDR-9

Pats Sress Analysis (PSA) requiremerts have been defined.

PDR-10

Preliminary production planning andprocesscontrols (including strategy for
cortrol/verificaion of units of measuemen) have been identified.

PDR-11

Plansfor flowing S& MA requremensto swbcontractors and sippliers have been
defined.

Pr oj ect Management:

PDR-1 Appropriate processesand metricsare in placeto trackand catrol cost, schedule,and
techical adivitiesthroughouttheremaininglife-cycle.
PDR-2 Suitade processes have been plannedand implementedfor manajing: requiremerts,

systems engineeing, risk, corfigured aticles, documentation, technica records,
andyses, workmarship, and verification processes.
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PDR-3 An appovedrisk manayement process hasbeensuccessfully implemerted with
accetable interfacesto higher-level risk manayement systems as applicale.

PDR-4 Organization andstaffing plansddineate dear respangbilitiesand alequete
assignmentof current andfuture staff. A suitable andworkable organzationa structure
isin placethat facilitates clearand goen conmunication (internally andexterndly).

PDR-5 Thecurrent and danred number, capéility, andthe experierce levels of the peple
assignedto the developmenteffort are suficient.

PDR-6 Theproject teamhasdemondratedthatit actively learnsfromthe pat and cantributes
to future scientific, technicd, andmanagementknowledge.

PDR-7 De-scope panshave beercompleted and the assaciated trigger points identified to
miti gate programmatic risks to theextentpossible. Resulting budget andschedue
impads fromtheidentifi ed de-scope opionshave beerestimated and assessed.

PDR-8 Appropriately detailed schedulesshowredlistic event timesaswell asappropriate
fundeddackandare compatible with approved mil estone dites.

PDR-9 Cog-to-complete hasadeguate spending profilesandreserves, and is compaible with

alocations.
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Appendix C-3: Key Evaluation Factors
Ground Segment Preliminary Design Review (GSPDR)

Thefollowinglist constidates exdluationfadorsfrom NASA lest practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the évelopment of ground
segmentsystemsKey evaluation fadors may be tailored to suitthe reedsof theindividual
project within the Systems Review Plan (SRP) developed per therequirements ofGPR 8700.4,
Integrated Independent Reviews.

Review Process:

GSPDR-1

Planning and pesentation of information at critical mission andmajor element

mil estone reviews have been rigorous; peer review results have been includedin
briefings; review swecesscriteria have beenmet; closeout of al review actions has
beentimely andthorough.

GSPDR-2

Thereview hasbeenconductedin accordance with the apgroved SstemReview Plan
(SRP) that defines the success criteria andreview process requiremens asspecified in
the Godlard Procedual Requirement(GPR) 8700.4,Integrated Independet Reviews.

GSPDR-3

A comprehersive and thorough <t of engineering peerreviews and cade wakthroughs
hasbeenplamed andcornductedon gpropriate hardware and ftware elemerts of the
projed. Results and actions have been dcumertedandcommunicaedto the project
manager andIntegrated Independnt Review Team.

GSPDR-4

Engineging peerreviewshave been onductedand acumertedin compliancewith
thereauiremerts of GPR8700.6.All resultant RFAs have asutable dispodtion.
Additional peerreviewsneededhave beeridentifiedand appropriately planred.

GSPDR-5

All RFAs writtenagainst previousgroundsegmentreviews hae beerrespordedto by
the project andclosed bythe resporsible review pael member serving asthe author or
sporsor of the RFA.

GSPDR-6

Recanmendadions and advisoriesfrom other project or externa review activity that are
apgicable to the subject matter of the FDR have hadadequde mnsderation.

Techical Management:

GSPDR-1

Updaesto project compliancewith GSFC-STD-1 0 0 0 esfioRtlelDesign,
Developmert, Verification,and Ogration of Flight Systems @ave been presentedand
anywaivers, appropriate to the current project life-cycle phae, have beensubmitted
and ajproved asnecessary.

GSPDR-2

Current status of compliance with NASA Software Engineging Requiremerts (NPR
7150.2)refleds adequete progress of activities to dae and satisfactory plansfor future
adivities. Any required waivers have beersulmitted.

GSPDR-3

Requremerts changessince the GSRR/GSDR, if apgicalde, andassociatedrationale
have beerproperly documertedwith flow-down updaed asequired.
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GSPDR-4 Physicalandandytic integration activitiesfor al hardware and oftware elemerts of the
groundsystemhave been suficiently planred. Test adivitieshave been doamerted,
including validation, calibration, and gerationscompatibility testing, as apfpicable.
Documentedplansand proceduresto appopriately assess discreparciesand coffirm
adeguate closeout have beerdeveloped.

GSPDR-5 Verification andvaliddaion adivities(analysis, ingpection, andest) assodated with
sdtware andhardware elemerts at all levels of assembly have beersufficiently
plamed. The proposed trending andyses for key parameters have keen dfined. Total
andfailure-freeruntime requremerts of primary andredurdantelemerts have keen
definedand deemed adeqate.

GSPDR-6 A preliminary verificationplanexists with provisions for referencing documented
results for eachrequiremert, including the compatibility of units of measirement
where applicable.

GSPDR-7 Requremerts verification matriceshave besn canpleted denongrating requirements
tracedility fromthe subsystem/el ementto the systemlevel andthroughoutthe
sdtware architecture.

GSPDR-8 Sdence and mission operationsconcepts are suitally defined and operations
corsiderationshave been adequately planred. A conceptua mission timeline,from
laurch through dspasal, exists and defines corredive actionsneeded for mission
everts thatfail to occur asplamed. Theidertification of contingencyandemergency
adionsrequiredof the qperationsteamhasbeeninitiatedin supyort of future
simulation activities.

GSPDR-9 A preliminary sditware developmentapproachhasbeen ddined,including; build and
relesse dan ad cantent definition, developmentandtest environments and tools, test
strategy and pan(including test drivers andsimulators, test data, anddiscrepaicy
tracking), andstrategy or timelinefor IV&V andindgpendent Technical Authority
involvement, asapplicéble. Indudesdelivery andinstallation requirements and
maintenarce plan.

GSPDR-10 Thefollowing tedchnical manajementdocunentation for the Ground Segmentis
avail able atthe proper level of maturity:

A Ground SegmentProduct Plan

A Software DevelopmentPlan (for eachmission-uniqueground ggmentelement)
A Ground SgmentRequirements Documert/Detail ed Mission Recuiremerts
A Ground SgmentInterface Requiremerts Document

A Draft Ground SegmentDesign Spedicaion

A Draft Subystem/CSC Level 4 Requiremerts Document

A Draft Subystem/CSC Level 4 Design Speification

A Draft Ground SegmentTest Plan

A Operations CoreeptDocument

A Draft Telemetry and Canmand Dadabase Naming Convertion

A Draft Procedure Style Guie

A Draft Project Data ManagementPlan (asapplicable)

GSPDR-11 Edimates of critical resource margins have beerdelineaed based ondesign maturity.
Sufficientmarginsexist based on aplicable standhrds. Risk miti gation strategiesare
definedfor marginsfalling bdow applicable guidelines or best practices.
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GSPDR-12

Theprojected impads on systemperformanceare identifi ed for the potential de-scopes
identifiedto miti gate therisks of unforeseenfuture everts.

GSPDR-13

Longleaditems andtheir acquisition planshave beeridertified. Anyfabrication
neededrior to Critical Desgn Review (CDR) hasbeen identified.

GSPDR-14

Equipmentandfacilitiesfor the deselopmentandtest of hardware andsdtware have
beenidentified. Facilities are availade andjf neeled, utili zation agreemerts arein
work.

GSPDR-15

Up-to-date risk assessmerts with sutably definedmiti gation strategies are available.
All significant risks, problems, and openitems are idertified andtradked (including
developmentandflight performancereateditems). Risk miti gation plansare
appopriate andcredible.

GSPDR-16

All interfaces are definedand preliminary Interface @ntrol Documerts (ICDs) with
external systems (spaceaaft/ground), as wdl as betweensystemelemerts, are
complete. TBDsandTBRs are clearly identified with plansandschedul es existing for
their disposition by GCDR.

GSPDR-17

Draft plansare defined for launchsite activities, launch & ealy orbit operations
including plamingfor theinvolvementandtraining of laurch site andof mission
opaationsteams.

GSPDR-18

Launchsite and mission operations wniqueground ggmens have beerdefined

GSPDR-19

Payload-drivenfirstflight/mission iqueitems have beeridentified andmission
impli cations are inderstood.

GSPDR-20

End-of -lif e requremerts and design accanmoddions are urderstood.

Sydem Design and Demonstr ation:

GSPDR-1

A complete and camprehensive ddinition of the GSpreliminary design (hardware and
sdtware) to the subsystemlevel wassatisfactorily demondrated.

GSPDR-2

Thepreliminay GS desgn hasbeen alequately demonstrated to meetall basdline
functional andperformancerequiremerts and supports the gerationsconceptfor al
mission plases.

GSPDR-3

Adequae design marginsfor critical GS resourcesare projededincluding; Ground
SegnentAuvail ability, Data Throughpu, Data Storage, Orhit Determination Definitive
and Redctive Accuacy, Sdence Data Capture, Sience Product Avail ability, and
SdenceData Archiving.

GSPDR-4

Design corceptchargessincethe last applicable system review have been
appopriately docunentedwith suitable rationale providedandsystems impads
identified andassessed.

GSPDR-5

Commercial and Government-Off-The-Shdf (COTS/GOTS) usage hes been properly
identified. Cistomization, if required, hasbeenplanned.

GSPDR-6

Appropriate modding andandytica results (eg., performance relialility, ec.) are
avail able and hae been onsderedin the GSdesign.

GSPDR-7

Results of trade studiesandrationale for selectedaternativesare defined. Remaining
trade studiesare identifiedand potential impads are understood.
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GSPDR-8

Tradestudiesto idertify developmentfacilities, developmenthardware and software
licenses have beenidentified asnearing completion. Developmenthardware and
sdtware licenses for COTS/GOT S componerts neededto satisfy al mission-critical or
high-risk specificationshave beeridentified. Apreliminary acquisition planisin place.
Preliminary agreemens arein placeof usage of developmentfacilities.

GSPDR-9

Operations fadlitieshave beeridentified including spece, paver, conmunicaionsand
networking corsiderations.Preliminary identification of all facility locationshasbeen
completed. Anyneadedfacility upgradeshave beeridentified.

GSPDR-10

Heritage designs have been suitably assessed for applicahility. Necessary design

modifi cations, changesin expeded qerating ervironmert, and ojgrational differences,
have beereppropriately analyzed andor tested. System reguremens have been
demondratedto becompatible with previousapplicaions. Qudification and
accetancetest planshave beerfully described.

GSPDR-11

Lessons leanedhave beerappopriately researched and adated.

GSPDR-12

Requremerts and design concept changessincethe GSRR/GSDR, if applicable,and
their rationale are documented.

GSPDR-13

Preliminary sdftware requremens are idertified,including language, structure, logic
flow, Computer Procesor Unit (CPU) throughputandmemory loadng, re-use, sfety,
andsecurity.

GSPDR-14

Software naminal operating scenariosare identified,alongwith fault detection,
isolation,andrecovery strategies.

GSPDR-15

Software Independnt Verification andValidation (IV&V) plans are idertified.

GSPDR-16

Preliminary sdftware system peformance atimates indicate an acceptable design.

GSPDR-17

Software verification strategesare definedincludingtest environmerts.

GSPDR-18

Software design and developmentplansare definedincluding lines of codeestimates,
number of builds, tools, and procedues.

GSPDR-19

Approachesfor the qualification andaccepance testing of the applicable systems have
beendefinedincluding successcriteria. A draft ground segmenttest plan hes been
geneated.

GSPDR-20

Preliminary identification of all required test tools, emulators andsimulators hasbeen
completed.

GSPDR-21

Datafl ow scerariosillustrating a data acquisition, processing, and aalysis sequence
that satisfy performanceohjectiveshave beerprovided.

GSPDR-22

Preliminary identification of al mission operations wiqueground ystems hasbeen
completed.

GSPDR-23

Theoverall systems cesign is producible.

Safety & Mission Assurance:

GSPDR-1

Pesonnd, facility, andmission safety have beergiven sufficient consderation with
upddesprovidedsincethelast mgjor system-level review. All safety documentation
hasbeengenegated andapproved agequired.
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GSPDR-2

A safety planhasbeenappovedthatidentifiesal requirements, plannedail oring
appoacles, intendednon-compliances, andschedulesfor al required safety data
sulmittals.

GSPDR-3

Preliminary hazards, controls, and verificaion methods have beeridentified and
documerted. All opensafety issueshave beendentified with accepade gdansfor
resolution.

GSPDR-4

Theplanringand excution of the goplicable Product Assurance Requirements,
including Software Assurarce (i.e., Safety, Reliability and Qudity Assurarce) have
beensufficiently rigorous.

GSPDR-5

A comprehensgve, closed-loop problemreportingandcorrective action systemhas
beenimplemented.

GSPDR-6

Thefollowing technical manayementdocunentation for the GSIT Secuity is
avail able atthe proper level of maturity:

A Draft IT Secuity Plan

A Draft IT Risk AssessmentRepat

A IT Secuity Plan of ActionsandMilestone Document (updaed)
A Draft Intercomection Searrity Agreemerts

A Draft IT Secuity Sdf-Assessment

GSPDR-7

Aninitial set of design sdutions satisfyingthe NST Secuity Categorizationfor each
ground ggmentelementisidentified anddocumerted.

GSPDR-8

Aninitial risk assessmentand slection of security controls are completedfor each
ground ggmentelemert.

GSPDR-9

Preliminary production planning andprocesscontrols (including strategy for
control/verificaion of units of measwemen) have been identified

GSPDR-10

Initial reliability andyses and assessments are canplete, asappopriate, induding Faut
TreeAnalysis (FTA), Probahlistic Risk Assessment(PRA), Falure ModesandEffects
Andysis (FMEA), Single Point Failure (SPF) Assessmert, and Worst Case drcuit
Andysis (WCCA). Applicableresults have been gpropriately factoredinto thedesign.
Single point fail ures, where retained, have reasoneble suppatingrationale.

GSPDR-11

Plansfor flowing S& MA reguremertsto sitbcontractors and suppliers have keen
defined.

Pr oj ect Management:

GSPDR-1 Appropriate processesand metricsarein placeto trackand caitrol cost, schedile,and
techical adivitiesthroughouttheremaininglife cycle.

GSPDR-2 Suitade processes have been plannedand implementedfor managing: requiremerts,
systems engineeing, risk, corfigured aticles, documentation, technical records,
andyses, workmarship, and verification processes.

GSPDR-3 An appovedrisk managementprocess hasbeensuccessfully implemerted. The GS
risk processisintegratedwith the mission risk manayementprocessas appropriate.

GSPDR-4 All significant risks, problems, and openitems are idertified andtradked (including

programmatic, developmentandperformancerelateditems). Risk miti gation plans are
appopriate andcredible.
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GSPDR-5

Organization andstaffing plansddineate dear respangbilitiesand alequete
assignmentof current andfuture staff. A suitalde andworkable orgarizational structure
isin placethat facilitates clearand goen conmunication (internaly andexterndly).

GSPDR-6

Thecurrent and danred number, capéility, andtheexperierce levels of the peple
assignedare sufficiert.

GSPDR-7

The project teamhasdemondratedthatit actively learnsfromthe pat and cantributes
to future scientific, technicd, andmanagementknowledge.

GSPDR-8

Resource estimatesto canplete the GSdesign have keen canpleted. Contingencyis
identified caonsistent with the level of risk. Ground processing of uniquemeasuements
assaciatedwith newingrumerts contains adequate @ntingencycorrespording to
design andimplemertation risks.

GSPDR-9

Life-cycle cast trades(i.e., up front auomation versus routine operations) have been
chaaderized agpart of the GSPDR to ersuring that the roper design is selectedand
developed.

GSPDR-10

Measures of progresshave beendevelopedandare appropriately tiedto thetest
programandconsistent to the canplexity of the system underdevelopmert.

GSPDR-11

De-scope panshave beercompleted and the assaciated trigger points identified to
miti gate programmatic risks to theextentpossible. Resulting budget andschedde
impads fromtheidentifi ed de-scope opionshave beerestimated and assessed.

GSPDR-12

Appropriately detailed schedulesshowredlistic event timesaswell asappropriate
fundeddackandare compatible with appoved mil estone dites.

GSPDR-13

Cog-to-complete hasadayuate sperding profilesandreserves, andis compaible with
alocations.
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Appendix D-1: Key Evaluation Factors
Mission Critical Design Review (M CDR)

Thefollowinglistconsdidates exaluationfadorsfrom NASA lest practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the @velopment of misson
systems. Ky evaluationfactors may betailored to suitthe needs of theindividual project within
the SystemsReview Plan (SRP) developed pr therequirements oflGPR8700.4,Integrated
Independent Reviews.

Review Process:
MCDR-1

Planning and pesentation of information at critical mission andmajor element
mil estone reviews have been rigorous; peer reviewresults have been includedin
briefings; review siccesscriteria have been alequetely met; closeaut of all review
adionshasbeentimely andthorough. (KPMP)

MCDR-2

Thereview hasbeenconductedin accordance with theappoved SstemReview
Plan (SRP) that defi nesthesuccesscriteria andreview processrequiremens as
specifiedin the Godlard Procediral Requirement(GPR) 8700.4 Integrated
IndependeniReviews.

MCDR-3

A comprehensve set of Engineging PeerReviews(EPR) hasbeencondicted on
appopriate hardware andsoftware elemerts pertherequiremerts of GPR8700.6.
TheEPR resutsandactions have beerdocunentedand canmunicated to the
Project Manager, the Goddard SystenBeview Team(GSRT), andthe Sanding
Review Board (SRB). (KPMP)

MCDR-4

Additional peerreviewshawe beeridertifiedasnecessary and ajpropriately
plamed.

MCDR-5

All RFAs writtenagaing previousreviews hae beenrespordedto bythe project
andclosed bytheresponsible review panel member serving asthe aithor or
sporsor of the RFA.

MCDR-6

Recanmenddions and advisariesfrom other project or external review activity
that are applicable to the sulject matter of the MCDR have had dequete
corsideration.

MCDR-7

Updaesto theTerms of Reference(ToR) have been incorporatedin accadarce
with NPR 7120.5 specified requiremerts rd ative to the clarter of the appainted
SRB.

Techical Management:

MCDR-1 Updaesto project compliancewith GSFC-STD-1 0 0 0 esfioRtlelDesign,
Developmert, Verification,and Ogration of Flight Systems &ave ben presented
and anywaivers, appropriate to the current project life-cycle plase, have been
submittedandappovedasnecesary.

MCDR-2 Requremerts changessince the MPDR andassodatedrationale have been

properly documerted with the ascciated flow-down updded asrequired.
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MCDR-3

Planned plysical andandytic integration activitiesfor all hardware andsdtware
elemerts of themission, including ground egipmentandthe launchvehicle are
complete. Test activitieshave keen docunented, including validation, calibration,
and ogerations compdibility testing, asapplicable. Documerted pansand
proceduresto appropriately assessdiscrepanciesandconfirm adequate closeout
precedeeachintegration step. (KPMP)

MCDR-4

Preliminary integrated PgloadLaunchVehicle activity flow hasbeendefined.

MCDR-5

Basdline Interface Cantrol Documents (ICDs) with externa systems, as wdl as
between systemelemernts, have been copleted. To-Be-Determined(TBD) and
To-Be-Resolved (TBR) items are dearly identified with acceptable plans and
schedules existing for their disposition.

MCDR-6

TheLaunch Vehicle ICD hasbeen conpleted or acceptable plansfor finalization
are available.

MCDR-7

Plansfor verification and validaion adivities(anaysis, ingpedion, andtest)
asscciatedwith sdtware and hadware elements atall levels of assembly are
complete. Thetrending arelyses for key parameters have been dfined. Total and
failure-freeruntime requirements of primary andredundantelemerts have besn
definedand aemed adeqgete. (KPMP)

MCDR-8

A final requiremerts verification ganexists with provisions for referencing
docunentedresults for each requirement, including the compatibility of units of
measuementwhere applicable.

MCDR-9

Preliminary ervironmenrtal verification plansfor componerts, pimary systems,
elemerts, andthe al-up obgrvatory have beerdeveloped with applicable risks
identified.

MCDR-10

Sdence and mission operationsconceps are suitaldy defined and operations
corsiderationshave been adequately planred andimplemented. A peiminary
mission timeline,fromlaunch through dsposa, existsand dfi nescorrective
adionsnealedfor mission everts thatfail to occur asplamed. The contingency
and energencyadionsrequired of the operations team have beeridentified and
appopriately factoredinto future simulation adivities. (KPMP)

MCDR-11

Egimates of critical resource margins(i.e.,mass, paver, pointing, deltaV,
Computer Processor Unit (CPU) throughputand memory, etc.) have been
ddineatedbased ondesign maturity. Suficient marginsexistbased onapplicable
stardards. Viale risk miti gation strategies have ben defined wrere marginsfall
bdow applicable guidelines or best practices.

MCDR-12

Theprojected impads on systemperformance(mass, power, software andother
resources) areidertifiedfor al potertial de-scopesidertified to mitigate therisks
of unforeseen future everts.

MCDR-13

Delivery of previoudly identified longleadprocurementitems and adrarnce
fabrication eff orts are proceedngon shedile. All associatedtechnicaland
programmatic risks have been gopely identified with rational e for acceptability
of the projectedimpactprovided.
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MCDR-14

Plansfor systems Integration andTest (1&T) activities, including science
validation andcdibration, as wdl asopeaations compaibility testing, are
complete.

MCDR-15

Equipmentandfacilitiesfor the developmentandtest of hardware andsditware
have beeridentified. Facilitiesare availade andutilization agreemertsin place as
required.

MCDR-16

Up-to-date risk assessmerts with suitably definedmiti gation strategies are

avail able. All significantrisks, roblems, and openitems are identified and tradked
(including developmentand flight performancerel ated items). Risk miti gation
plansare apropriate andcredble. Risks assodated with 1& T have been
chaaderized andmitigationsare ontrack for timely closue.

MCDR-17

Poential LaunchVehicle relatedriskitems are identifiedin themission risk
mangyement system.

MCDR-18

Preliminary plans are definedfor launchsite adivities, launch & early orbit
opeaationsincluding plaming for the involvementandtraining of launchsite and
of mission operations teamns.

MCDR-19

Future transpatation methods, if applicable, are identifiedincluding
ernvironmertal control and monitoring considerations. Transportation container
requiremens have been identified.

MCDR-20

Plansfor the findli zation and corfiguration management of remaining drawings are
complete.

Sydem Design and Demonstr ation:

MCDR-1

Flight and ground ystemperformance etimates indicate a final mission design
expetedto meettherequiremerts within theresourceallocation. Science and
mission operations designsare complete andsuitably mature for this phese of
developmert.

MCDR-2

Complete andcomprehersive ddinitionsof theflight and ground €gmentdesigns
fromcritical componentand mission elemert-level have been desloped. Materias
preserted onthe primary elements ofthe missionincluding the observatory,
ground ystems, and querationscornceptare suficiertly mature andprovide
demondratedevidenceof an aceptable design sdution.

MCDR-3

Tradestudies are canplete and popealy documerntedinduding aralyses and the
rationale for the selededalternatives. Any opentrade studiesare identifiedand
with acceptable risk miti gation.

MCDR-4

Drawings for fakrication and manuadure are at suficientlevels of completion (>
80 %) or have asociated risks identified with acceptable miti gation plans. The
status of incamplete d-awings (i.e.,draft, preliminary, underreview, final) and
schedule for completion hawe been dfined.

MCDR-5

Design chamessincethe MFDR have beerappopriately documerted with
sutable rationale providedandsystems impactsidentified and assessed.

MCDR-6

Design modding and analyses are complete with prope consideration ofthe
documentedresults (e g., peformance reiability, etc.) in thefinal mission design.
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MCDR-7

Lessons leanedhave beerappopriately researched, adaped, andimplemented.
(KPMP)

MCDR-8

Heritage designs have been successfully incorporatedinto thefinal mission design.
Necessary design modifi cations,chargesin expected operating environment, and
opeaationd differences, tave beerappropriately andyzed aml/or tested. Mission
requiremens have ben demondrated to be compatible with previous applications
(including radiation andthermal environmert, mission life-time, reliaklity and
pats de-rating). Qudification andacceptancetest plans have beenfully described.
Availahlity of parts has been canfirmed and sscciated risks properly assessed.

MCDR-9

Final aralyses of the primary sub-systems (e g., dedrical, power, structures,
GN&C, C&DH, sdtware, propulsion, qotics, thermal, instrument sersor, €tc.)
have beercompletedandsummarized Hghlighting acceggalde performance and
design margins. Design risks have been learly ddineatedandproperly factored
into therisk managementstrategiesof the project.

MCDR-10

A groundngarchitecture design hasbeencompleted to minimize dedromagnetic
interference(EMI) and inwartedinteraction betweenvariousspaceaaft electronic
componers and/or subsystems to ersure el ectromagnetic compatibility (EMC).

MCDR-11

Final aralyses of limitedlife items are complete for theexpectedlifetime dus
margins. All requred-life-testing hasbeen canpleted.Where recessary, the design
hasbeenmodifiedto accommodate results.

MCDR-12

Preliminary Couded Loads Andysis (CLA) has beencompleted with potential
risks appropriately identified.

MCDR-13

Thermal environmentarayses have beercompleted,induding predictedthermal
performanceof the olservatory with demongrated acceptable thermal
chaaderistics.

MCDR-14

Final aralyses of theradation protection requremerts are completedand
documented.

MCDR-15

Contaminationrequiremerts and control plansare finalized andproperly
documented.

MCDR-16

Final software naninal operating scenariosare defined Faut detection, isolation,
andrecovery designsare complete. Pansfor IndepedentVerificaionand
Validation (IV&V) have keenfinalized and agproved. Software performance
estimateshave beenassessed asacceptable.

MCDR-17

Build-to specificationsfor al hardware andsdtware configuration items are
complete.

MCDR-18

Falrication, assembly, integation, andtest plansandproceduresare complete and
documerted.

MCDR-19

Plansfor the quaification, proto-fli ght, andacaptance testing of the agplicable
flight andgroundelements have beercompletedasrequired including anyspecial
test requremernts.

MCDR-20

Interleasing of environmenrtal andfunctional testflow hasbeenincorporated in
plamedtests.

A-34




MCDR-21 Data fl ow design solutions that accomplisha data acquisition, processing, and
andysis sequerce thatsatisfy science objectiveshave beencompletedand
documented.

MCDR-22 Payload-driven, LaunchVehicle first flight andmission unique items have been
updaedas appropriate andthe mission implications are undrstood.

MCDR-23 All mechaical andeledrical Ground Suport Equipment(GSE) for launch site
andmission operations wniqueground ystems have been dsigned.

MCDR-24 Theoverall systems cesignis prodicible.

Safety & Mission Assurance

MCDR-1

Peasonnd, facility, launch range, andmission safety have beergiven sufficient
corsideration with updatessince the MPDR. Safety documertation hes keen
appovedasrequired.(KPMP)

MCDR-2

Theapprovedsafety planidentifyingall requiremerts, plamedtailoring
appoactes, andinterded non-compliances, has been successfully implemented
with schedules for dl required safety data submittals being adheredto asrequired.
(KPMP)

MCDR-3

Final idertification of hazards, controls, andverification methods tas been
appopriately docunentedin the Intermedate MSPSP, which hasbeen submitted
to the project andapproved. Acceptablerationale for all opensafety issues have
beenprovidedwith sutable plans for disposition.

MCDR-4

Hazardousintegration and test proceduesand gpropriate cortrols have keen
identified.

MCDR-5

Mission Assurarce Regiirements are complete andhave beersuccesfully
implemenrted,including; quality assurance, EEE parts, safety, reli ability, materias
corsiderations, workmarship standards, and sofitware assurance(i.e.,IV&V).

MCDR-6

Pats selection, de-rating, screening andqudification testing criteria hare ben
implemented asrequired, including adherence to identifi ed radiation tolerance
requiremerts.

MCDR-7

A comprehensve, closed-loop problemreporting andcorrective action systemhas
beenimplemerted. (KPMP)

MCDR-8

Contamination Control Plan adivitieshave beerimplemernted asrequired.

MCDR-9

Reliakility andyses and assessmerts are compl ete to the exentappropriate,
including Fadt Tree Analsis (FTA), Probabilistic Risk Assessment(PRA),
Falure Modesand Efects Andysis (FMEA), Single Point Failure (SPF)
Assessment, andWorst Case Circuit Anaysis (WCCA). Applicable results based
on upditessince MPDR have been apropriately factoredinto thedesign.

MCDR-10

EEE Parts Sress Analysis (PSA) hasbeencompletedwith satisfactory resuts.
Noncorformanceshave keen aceptaldy resolved.

MCDR-11

EEE pats and materialslists are complete, includingan up-to-date LimitedLife
Items List(LLIL). Waiversto requrements andany special materials usageshave
beenapproved with proper considerationto mission and systemrequiremens.
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MCDR-12

Flight Software (FSW) Indepenant VerificaionandValidation (IV& V)
assessmernts are on-trackwith dacumertedresults being given goper
corsideration duringthe FSW developmenteffort.

MCDR-13

Production ganswith process controls (including strategy for cortrol/verificaion
of units of measuemen) have been copleted. Aplicalde workmarship gandards
have beerincorporated.

MCDR-14

Plansfor flowing S& MA reguremertsto sitbcontractors and sippliers have keen
appoved.

MCDR-15

UpdaedOrbita Debris AssessmentReport hasbeensubmittedto NASA HQ for
final review andapproval. Draft end-of-lif e danshave beerdeveloped
docunenting procedural requiremens.

MCDR-16
Pr oj ect Management:
MCDR-1

As cesigned pats andmaterials list have beerappoved.

Pracesses and metrics trends demondrate successful trackingand cantrolling of
cost, schedue, ad technical activities suitalde for remainder of the development
life-cycle.

MCDR-2

Existing processes for managing: requiremerts, systems engineeing, risk,
corfiguredarticles, documertation, technicad records,andyses, workmarship, and
verification processes, have beerdemondratedto be suitable for current and
plamed mission development activities. (KPMP)

MCDR-3

Implemerted aganization andstaffing planshave maintainedclear resporsibilities
andsuitale staff assignmerts. The aganizational structure ntinues to facilitate
clear and open canmunicdions(internally andexternaly). (KPMP)

MCDR-4

Thecurrent and danred number, capaility, andexperierce levels of the peple
assignedroleswithin the prgject are sufficient for the successful conduson of the
mission. (KPMP)

MCDR-5

Theproject teamhasdemondratedthatit actively learnsfromthe pat and
cortributesto future scientific, techrical, andmanagementknowledge. (KPMP)

MCDR-6

All waiversto NPR 71205 have beergeneated andapproved.

MCDR-7

De-scope panshave beerrevised as appropriate with newly definedtrigger points
definedto mitigate programmatic risks to the extent possible. Resulting budget and
scheduleimpads fromtheidertified de-scope opions have beerproperly
estimated andassessed as acceptable.

MCDR-8

Resourceloaded developmentschedules have keen pdatedto refl ect the current
engineeing development statusanddemondrate acceptable eventtimesaswell as
appropriate fundedslack that are compatible with goproved mil estonedates.

MCDR-9

Themaster schedule addresses all updatesto Payloadand Laurch Vehicle inter-
related ectivities.

MCDR-10

Cog-to-complete hasadequate spending profilesandreserves, andis compaible
with allocations.
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Appendix D-2: Key Evaluation Factors
Flight Element Critical Design Review (CDR)

Thefollowinglist constidates exdluationfadorsfrom NASA lest practices used t@ssess the
project G@chievements bward meding the siccesscriteria in the @velopment of sgedfic flight
elementsincluding spacecraft, instruments, and ther operational systems. Key evaluation
factors may be tailored to suittheneals oftheindividual project within the SystemsReview Plan
(SRP) developed p@r therequirements ofGPR8700.4,Integrated Independent Reviews.

Review Process:
CDR-1

Planningand pesentation of information at major elementmil estone reviews hae
beenrigorous; peerreviewresults have beenincludedin briefings; review siecess
criteriahave been acequately met; closeoutof al review adionshasbeentimely
andthorough.

CDR-2

Thereview hasbeenconductedin accordance with theappoved SstemReview
Plan (SRP) that defi nesthe successcriteria andreview processrequiremerts as
specifiedin the Godlard Procediral Requirement(GPR) 8700.4 Integrated
IndependenReviews.

CDR-3

A comprehensve set of Engineaing PeerReviews(EPR) hasbeencondicted on
appopriate herdware andsoftware elemerts per GPR8700.6.The EPRresuts and
adionshave beerdocunenedand canmunicaedto the Roject Manayer and
Integrated IndependenReview Team.

CDR-4

Additional peerreviewshawe beeridertifiedasnecessary andappropriately
plamed.

CDR-5

All RFAs writtenagainst previousreviews hae beenresporndedto bythe project
andclosed bytheresponsible review panel memberserving asthe aithor or
sporsor of the RFA.

CDR-6

Recanmendadions and advisariesfrom other project or externd review activity
that are applicable to the sulject matter of the CDR have had adeggte
corsideration.

Techical Management:

CDR-1

Updaesto project compliancewith GSFC-STD-1 0 0 0 esfioRtielDesign,
Development, Verification,andOperation of Flight Systems &ave ben presented
and anywaivers, appropriate to the current project life-cycle prese, have been
submittedandappovedasnecesary.

CDR-2

Reguremerts changessince the DR andassociatedrationale have beenproperly
documerted.

CDR-3

Planned ptysical andandytic integration activitiesfor al hardware andsdtware
elemerts of the system, induding ground egiipmentare canplete. Test activities
have been dcumerted,including validation, caibration, and gerations
compdibility testing, asapplicable. Plansandproceduresto assessdiscreparcies
and caifirm adequate closeout precedeeachintegration gep.
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CDR-4

Plansfor verification and validaion adivities(anaysis, ingpedion, andtest)
asscciatedwith sdftware and hadware elements atall levels of assembly are
complete. Thetrerding aralyses for key parameters have been dfined.Total and
failure-freeruntime requiremerts of primary andredundantelemerts have besn
ddfinedand cdeemed adeqate.

CDR-5

A final requiremerts verification danexists with provisions for referencing
docunentedresults for each requirement, includingthe campatibility of units of
measuementwhere applicable.

CDR-6

Preliminary environmental verification plansfor componerts, gimary sub-
systems, and the dl-up demert/systemhave been desloped with applicable risks
identified.

CDR-7

Edimates of critical resource margins(i.e.,mass, paver, pointing, deltaV,
Computer Processor Unit (CPU) throughputand memory, ec.) have been
ddineatedbased ondesign maturity. Suficient marginsexistbased onapplicable
standards. Viale risk miti gation strategies have been defined where marginsfall
bdow applicable guidelines or best practices.

CDR-8

Theprojected impads on systemperformance(mass, power, software andother
resources) areidertifiedfor al patertial de-scopesidertified to mitigate therisks
of unforeseen future events.

CDR-9

Delivery of previoudy identified longleadprocurementitems and advarce
fabrication eff orts are proceedng on shedile. All associatedtechnicaland
programmatic risks have been goperly identified with rational e for acceptability
of the projectedimpactprovided.

CDR-10

Plansfor systems Integration andTest (I&T) activities, including science
validation andcdibration as applicale, as wdl asoperationscompdibil ity testing,
are complete.

CDR-11

Equipmentandfacilitiesfor the developmentandtest of hardware andsditware
have beeridentified. Facilitiesare availade andutilization ayreementsin place as
required.

CDR-12

Up-to-date risk assessments with sutably definedmiti gation strategies are

avail able. All significant risks, problems, and openitems are identified and tradked
(including developmentand flight performancerel ated items). Risk miti gation
plansare appropriate andcredble. Risks assodated with 1& T have been
chaaderized andmitigationsare ontrack for timely closue.

CDR-13

Baseline Interface Cantrol Documents (ICDs) with external systems, as wdl as
between systemelemens, are canpletedand agproved. All TBDs and TBRs are
resolved oridentified onthe missionrisklist with acceptable rationale, plars, and
schedules existingfor their disposition.

CDR-14

Future transpatation methods,if applicable, are identifiedincluding
ervironmertal control and monitoring considerations.Transportation container
requiremens have been identified.
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Sydem Design and Demonstr ation:

CDR-1

Systemperformanceestimatesindicate a deign expectedto meettherequiremerts
within the resource allocation. Operational limits and congraints are wel defined.
Theoverall systems designis prodicible.

CDR-2

Complete andcomprehersive ddinitions ofthe systemdesign fromthe boxand
critical componentievel hawe beerfinalized.Materids preserted onthe primary
sulsystems (e g., electrical, power, structures, GN&C, C&DH, sdtware,
propulsion, qotics, thermal, instrument sersor, etc.) are suficiently mature and
provide demondrated evidenceof anacceptable design sdution.

CDR-3

Tradestudies are canplete and popealy documentedinduding aralyses and the
rationale for the selecteddternatives. Any opentrade sudiesare identifiedand
with acoeptable risk miti gation.

CDR-4

Drawings for falrication and manuadure are at suficientlevels of completion (>
80 %) or have asociated risks identified with acceptable mitigation plans. The
status of incomplete drawings (i.e., draft, preliminary, underreview, final) and
schedule for completion hawe been @fined.

CDR-5

Design chamgessincethe PDR have been apropriately documented with sutable
rationale provided andsystems impads identified and assessed.

CDR-6

Heritage designs have been successfully incorporatedinto thefinal systemdesign.
Necessary design modifi cations,chargesin expected operating environment, and
opaational differences, have beerappropriately andyzed aml/or tested. System
requiremens have been demondrated to be compdible with previous applications
(including radiation andthermal ervironmert, mission life-time, reliaklity and
pats de-rating). Qudification andacceptancetest plans have beerfully described.
Avail allity of parts has been corfirmed and sscciated risks properly assessed.

CDR-7

Lessons leaned have beenappopriately researched, adapted, andimplementedas
appopriate.

CDR-8

Design modding and analyses are complete with proper consideration ofthe
documenrtedresults (e g., performance rdiability, ec.) in thefinal mission design.

CDR-9

Andyses of limitedlifeitems are canplete for the expeded lifetime dusmargins.
All required life testing is complete. Where neessary, the design has been
modifi edto accommodae results.

CDR-10

Andyses of mechaiical loads, stress, fracture cortrol, andtorque margins have
beencompleted.

CDR-11

Thermal environmentaralyses have beercompleted,induding predictedthermal
peformance ad design margin assessmens.

CDR-12

Andyses of the radation protection requiremerts, including assessmerts of design
margins rave been copleted. EEEparts radiation tolerance requiremerts have
beendefined.

CDR-13

Contamination analyses are finalized andContamination Control Plans have been
appoved.
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